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ABSTRACT 
This report discusses the appllca~ion and cost of two types of altimeter systems 
(spaceborne (satellite and shuttle) and airborne) to twelve user requirements. 
The overall design of the systems defined to meet these requirements is predi-
cated on an unconstrained altimetry technology; that is. any level of altimeter 
or supporting equipment performance is possible . 
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SECTION 1 - INTRODUCTION AND SUMMAIW 
1.1 INTRODUCTION 
The effort described in this report has been carried out as part of the Wallops 
Flight Center Radar Altimeter User Research Program. Systems employing 
either a spaceborne (satellite or shuttle) or airborne altimetel' have been 
specified and cos ted for each of 12 usel' requirements generated in a separate 
study for the Wallops Flight Center. Under the ground rules of this study, al-
timetry technology is unconstrained, that is, it Is assumed that any level of 
altimeter or supporting equipment performance is possible. Furthermore, the 
user requirements must be satisfied using a system employing a radar altimeter, 
even if it is apparent that other sensors are more apr;1icable. This is because 
the overall objective of tllis effort is not to produce viable systems for satisfy-
ing the user requirements. The overall objective of this effort is, hO\lever, 
to provide scientific and cost data for input into an economic management 
decision model that Is currently being evaluated by the Wallops Flight Center 
to refine their teclmiques for allocation of scarce research funds. As such, 
the necessary scientific data on altimeter systems and the associated costs 
and confidence levels have been generated in a format suitable for input into 
the model. As part of the Wallops Flight Center Radar Altimeter User Re-
search Program, the model will be applied to identify the accuracy, preCision, 
resolution, and data reduction requirements of various sectors of the user 
community and to determine the economics of satisfying these requirements. 
The state of the art of the various components (platforms, altimeters, auxiliary 
equipment, positioning equipment, and data processing) of operational altim-
eter systems is discussed in Section 2. The techniques and methods used to 
cost the altimeter system are described in Section 3. Section 4 contains a list 
of the usel' requirements, a description of the altimeter sYf'tem c.:mceptualized 
to satisfy each requirement, and the life-cycle cost of implementing each sys-
tern. 
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1. 2 cos'r ANALYSIS SUMMARY 
Altimetry systems were conoeptually clefined for 11 of 12 altimetry user require-
ments (the twelfth was unfeasible using a radar a1timete~') by structuring SE'P-
arate component cost elements, specifying effectiveness measures, providing 
cost estimates, specifying variance and confidence fantors as defined in the 
economic decision model, and computing total life-cycle C\)sts for each. Oper-
ating effectiveness parameters (accuracy, resolUtion, repetition rate, etc.) 
were specified by NASA. Where these effectiveness parameters could not be 
met with eldsting hardware, expert or.'inion was consulted to determine the 
additional costs requirec, to modify equipment effectiveness to satisfy the user 
requirement. All cost estimates were based on current eqUipment costs, costs 
relating to sim!lur projects, c11rrent administrative rates (per diem, trans-
portation, communications, etc.), and the basic operating environment and 
parameters defined in the system required by the altimetry user requirement. 
The system cost analysis provides input parameters to be used in the economic 
decision model and p~vides e!,ltimated annual and life-cycle costs for 11 sys-
tems conceptualized to satisfy 11 altimetry user requirements. A comparison 
of costs for satellite versus aircraft is provided where both modes are appli-
cable. These total annual and life-cycle cost estimates, when compared wIth 
the anticipated benefits for ellch of the 11 user requirements, should enable 
the selection of candidate systems that would be cost effective and provide a 
suitable demonstration of the use of the economic decision model in manage-
ment decisions. 
Although the function of this work was to provide input to the economic model, 
not to make general conclusions concerning the applicability of radar altimetry 
to satisfying user requirements, the following obRervation should nevertheless 
be made. From the analysis, it is apparent that satelllteborne altimeters are 
more cost effective when synoptic observations are desired whereas airborne 
altimeters are more cost effective for repeated observations of limited geo-
graphical areas. 
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Table 1-1. Altimeter System Cost Analysis Summary 
SYSTEU COMPONENTS 
I-tATFORM 
SPACECRAFT 
AIRCRAFTDEDlCAT£D 
AIRCAAFTCOMMERCIAL 
ALTIMETER 
SPACeBORNE 
AIRBORNE 
AUXILIARY EOUIPMENT 
INFRARED SCANNER 
IMAGER. VISIBLE OR RADAR 
RADAR SCATTEROMETER ~ 
POSITIONING ~ < 
NAVSTAR lRACKING SYSTEM OR NAVSTAR RECEIVER 
· RADAR TRACKING STATION 
INERnAL NAVIGATION SYSTEM 
VERTICAL ACCELEROMETER 
LORAN. ETC. 
DATA RELAYSVSTeMS 
STDN 
COMMUNICATICNSATELUTE 
RF LINK 
MAIL 
TWX. TELEPHONE 
DATA PROCESSING 
MAXIMUM·LlKELIHOOD PROCESSOR 
SOFTWARE DEVELOPMfNT H;CESSARY 
COMPUTERS. SUCH AS ILl.IACCOCSTAR 
CAt.COMP PLOTTER 
COMPI./TER 
CATA DISTRIBUTION 
FACSIMILE 
TELEPHONE 
TELETYPE 
MAIL 
TEN.YEAR COSTfx 10~ 
NOTES: 
'CASE A 
CASE. 
CASEC 
$ 36.B 
2092 
12S 
SPACECRAFT 
AIRCRAFT 
2.sJx SATELLITES $286.9 
TWELVE SATELLITES 57~ 
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Table 1-1 is a summary matrix inciicating the major system components (e.g., 
platforms, altimeters, positioning, etc.) required to satisfy each of the 12-
user requirements. A dot (.) .Indicates that a particular component is included 
in the altimetry system. 
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SECTION 2 - STATE OF THE ART OF 
ALTIMETER SYSTEM COMPONENTS 
This seotion disousses the stato of the art of the various oomponents uscd in 
the altimeter systems described in Seotion 4. 
The stato of the art of the various components used in the altimcter systems 
designed to meet the user requirements of Seotlon 4 nre briefly desoribed be-
low. As disoussed in Seotion 3, in many oases, improvements are needed to 
the altimeter itself, as well as to tile other oomponents, to satisfy the user 
requirements. In some cases, the requirements oan be satlsfied using ourrent 
state-of-the-art equipment. The following system oomponents are disoussed: 
platforms (spaoeoraft and airoraft), radar altimete'J:s, auxiliary equipment, 
traoking and positioaing equipment, data prooessing software and hflrdware, 
and data relay and distribution faoilities. 
2.1 PLATFORMS 
2. 1. 1 Spaoeoraft 
Skylab, GEOS-3, and SEASAT-A a;:-e spaoeoraft platforms that have oarried or 
are planned to oarrya radar altimeter. Skylab weighs over 8200 Idlograms, 
GEOS-3 weighs about 350 Idlogro.ms, and SEASAT-A will weigh apprOximately 
1000 kilograms. 
2.1.2 Airoraft 
Airborne altimeters weighing over 200 Idlograms have been flown aboard 
C-54 airoraft. The desirable airoraft oharaoteristics for altimeter mounting 
are a load capability of greater than 500 pounds; space for two 19-inch racks; 
power requirements on the order of 3 kllovoltamperes (!tva); and suffioient 
space in which to mount a 1-meter antenna. In addition, the aircraft should be 
relatively insensitive to turbulence in the vertioal direction because the altim-
eter requires a stable platform from whioh to make measurements. All airoraft 
2-1 
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with n high lift-to-welght rntio wlll experience lnrgc fugoid oscUlntions. The 
converse is true for nircrnft with n low lift-to-welght rntio. Furthermore, n 
long nlrcrnft will experience ~mnller, low-frequency oscillntions thnn willi! 
ohort nircrnft. These osclllntions must be nccowlted for by the positioning equip-
ment and distinguished from Ole surfnce oscUlntions Umt nre being detected by 
. 
n rndnr nltimeter. 
2.2 ALTIMETERS 
The nltimeters thnt hnve been or wlll be flown nbonrd spncccrnft nnd nircraft 
arc listed below, with the nominal observational precision of eaoh instrument. 
Range Precision 
Spncecrnft Altimeters (meters) Senstnte Accurncy 
GEOS-3 0.6 t25 percent of the wnve height for 
wnves of 1 to 10 meters in height1 
SEASAT-A 0.1 to.5 meter or 10 to 25 percent of 
the wave height values of 1 to 
10 meters in height2 
Aircraft AlUmeters 
NANOSECOND 0.1 to.5 meter 
AAFE 0.1 ±O.5 meter or ±25 percent of the 
wave height for wnves of 1 to 
20 meters in height1 
2.3 SPACECRAFT AND AJ.RCRAFT TRACKING SYSTEMS 
2.3. 1 Spacecraft 
Factors nffectlng the state of the art of the tracldng system are the quality of 
the gravity field representations, uncertnlnty regarding thc positions of the 
tracldng network stations, uncertainty in specifying the atmospheric density, 
and uncertainty in defining the solar radintion prSflsura. 
1 Reference 2. 
2Reference 3. 
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Current satelllte traoltlng networks are oapable of speoifying satellite position 
to less than ±(j metera. The necessary data for such accuracy are observations 
over a 2- to (j-day period (Reference 4). 
A global positioning system (NAVS'l'AR) is in the planning stage. This system 
will bo capable of fixing station positions, using 2 wo.oks of data, with a standard 
doviation of 3 to 10 centimeters. Satellites therefore will be able to be traclwd 
Witil the qamo accuracy. 
Currently, atmospheric density models O::Jl correct for microwave propagation 
errors to within ±l centimeter. The quality of the atmospheric denSity Il1ld 
soh ... ' radiation pressure models used by Anderle Il1ld Tanenbaum (Reference 4), 
Bll:.ck, et al. (Referonce 5), Il1ld Leroh, et al. (Refe;:ence 6), are clearly ade-
quate to satisfy th€. previously quoted tracldng accuracies; however, improve-
ment will probably be necessary to match the capability of the NA VSTAR track-
ing system. 
2. 3. 2 Atrcraft 
Airoraft potlitioning is aocomplished by radar tracltlng, laser tracking, an in-
ertial Ilill'igation system, or the NAVS'rAR tracldng system. The rll1lge pre-
cision of radar Il1ld laser trackers is a few centimeters. If three tracltlng 
stations are used, the resulting position accuracy is less thll1l 10 oentimeters. 
If on., traoker is used, however, the pOSition acouracy is a few meters because 
of the use of angle measurements (whose uncertainty is much greater thll1l the 
range measurements) with t:le rll1lge. The horizontal accuracy of the inertial 
navigation system depends on the drift rate, which may be 0.1 degree azimuth 
-6 pel' hour. State-of-the-art vertical preCision is approximately 10 g (the 
-5 
acceleration of gravity) Il1ld accuracy is approximately 10 g. NAVSTAR is 
expected to be capable of aircraft position determination to ±10 meturs. It is 
conceivable that this could be reduced to ±1 meter when used in conjlmction 
with Il1l inertial navigation system. 
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2.4 COMPUTER PROCESSING 
2. 4.1 Software 
A set of currently operating programs exists within NASA that is capabltJ of 
generatIng geoidal heights and gravity anomalies from altimeter observations. 
These programs have been developed in support of tlie GEOS-3 program. 
Additional software is being developed by instrument developers to support 
SEASAT-A. The software contains models for atmospheric transmi.ssion, ocean 
tides, atmospheric denSity, and solar radiation pressure to enable altimeter 
range measurement correction for the effects of these factors. Tidal models 
can predict tides to ±5 centimeters where observational data exist, and atmos-
pheric transmission models call reduce refraction errors to less than ±1 centi-
meter. 
2.4.2 Hardware 
An IBM S/360-95 computer, or similar configuration, is adequate for all data 
reductions except for extremely high-resolution gravity anomaly surveys. Part 
of the Advanced Applications Flight Experiment (MFE) and SEASAT-A altim-
eter systems is a computer called a maximum-likelihood processor, which 
enables the onboard computation of the seastate. Many plotting machines exist 
for displaying the computer output in a digital grid format. 
2.5 DATA DISTRIBUTION 
Data can be transmitted and distributed in many ways, depending on reporting 
time requirements and the availability of transmission facilities. Means of 
transmitting data between various points of the data stream are described be-
low. 
2.5.1 Real-Time Transmission 
Telephone, teletype, cable, microwave, and satellites (INTELSAT, WESTAR, 
etc. i are used for data transmission. The type of transmiSSion selected depends 
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somewhat on information content (data rate). 'I'elemetry data from satellites 
will generally be transmltted via the STDN network to a computer center. 
2.6.2 Non-Real-Time Tt'ansmission 
Data may be transmitted by any of the non-real-time methods (mailed, hand 
carried, etc,) 
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SECTION 3 - SYSTEM COST ANALYSIS 
3.1 GENERAL 
This section discusses the method used in developing costs for the nltimetry 
systems proposed to meet the use,.:' requirements. The method permits the 
identification of input parameters that are compatible for use with the economic 
decision model. Operating parameters (precision, range, resolution, etc.) 
were speoifiqd for each of the user requirements. When the operating param-
eters could not be satisfied with existing hardware, an improved unit cost was 
inclu, ~d as a part of the total system cost, accounting for any additional re-
search and development effort that would be required. In every case, compo-
nent cost estimates include a percent variance, which indicates a high and low 
range through which a cost estimate might vary and a confidence factor on a 
scale from 1 to 10, which indicates how confident an expert is of the component 
cost estimate. The variance and confidence factors rell\te directly to the source 
from which the estimate was obtained and l'ely heavily on historic pricing and 
inflationary trends. For example, experience shows that it is doubtful that 
postal rates will ever decrease, but it is certain that they will continue to in-
crease with inflationary trends. A detailed description of the variance and con-
fidence factors is given in the economic model for estuarine evaluation. 
3.2 METHODOLOGY 
An altimetry system package has been developed for each user reqUirement, 
which reflects the hardware requirements (altimeter, accelerometer, mnximum-
likelihood processor, etc.), platform (spacecraft or aircraft), processing equip-
ment, means of data distribution, overhead, planning, and other associated 
administrative cost.s (tranaportation, per diem, etc.). Each component is costed 
at present operational capabilities and an improvement factor is applied where 
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current systems cannot satisfy the operating requirements specified in the user 
requirement. Total life-cycle costs are then computed on a 10-year life cycle. 
All user requirements can be satisfied by airborne or spaceborne systems. 
Airborne systems include the use of aircraft purchased specifically to house 
- -- --~T~ 
and transport the altimeter package, and spaceborne,systems make use of satel-
lites. In each case, the individual system (aircraft with altimeter pac)mge 01' 
satellite with altimeter package) is costed and then total costs are derived from 
the total number of required systems. The following assumptions were made 
in developing the altimetry system costs: 
• 
• 
Technology is available to attain the operating parameters (preci-
sion, range, resolution, etc.) needed to meet user requirements 
Life-cycle costs are over a period of 10 years 
• Satellite systems mean time to failure is 3 years 
• 
• 
All electronic components (excluding satellite-installed eqUipment) 
have a useful life of 10 years 
Existing tracking stations can be used for tracking satellite altimetry 
systems and for receiving telemetry data 
In addition, specific steps were followed to define each user requirement in 
terms of its cost elements. These steps include: 
Developing a system and operational scenario for each user require-
ment so that geographical limits are defined, within reason, and 
operating and maintenance costs can be derived 
• Addressing each inc'lividual user requirement in terms c-f its func-
tional requirement" and technical specifications (accuracy, resolu-
tion, repetition rate, data format, distribution, etc.) 
• Identifying current state-of-the-art altimeter systems and associated 
subsystems and peripheral equipment. Included are such things as 
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the altimeter, the inertial navigation system, the maxlmum-
likelihood processor, communiclQtions equipment, a minicomputer, 
and tlO forth 
Researching component costs 
Applying equipment packages to satisfy each user requirement. 
Where current operational capability does not match the user re-
quirement, an improvement factor is applied to derive th., addition'll 
required development costs 
• Reviewing initial project planning and startup requirements 
Total system costs based on a 10-year-life-cyc1e, where applicable, were 
derived for each of the specified user requirements using the methodology out-
lined above. The following subsections define in greater detail the basic cost 
categories and associated rationale that apply to this cost analysis. 
3.3 COST CATEGORIES 
The basic cost categories applicable to this cost analysis are discussed below. 
3.3.1 Life-Cycle Costs 
These costs include all expenditures associated with the system life cycle and 
include nonrecurring costs; those costs that are incurred up to system startup 
on a nonrecurring basis; and annual recurring costs associated with operating 
and maintaining the system annually for a specified life period (a given number 
of years). Life-cycle costs may be categorized in many different ways, depend-
ing on the type of system and the sensitivities desired in cost-effectiveness 
measurement. For the purposes of this altimeter system cost analysis, all 
estimates are bal:led on \mown or estimated hardware costs to achieve the 
stated user requirement operating effectiveness. No costs have been inflated 
or discounted to present values. Discounting refers to applying a selected rate 
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of interest to a cost strenm such that each future cost is ndjusted to the time 
when the decision is made. It is understood that discounting will be nccom-
plished by NASA during use of the economic model when applied against the 
altimetor user requirements. 
The life-cycle costs for this cost analysis are based 6n a 10-year life cycle ex-
cept for the equipment used on the satellites. This equipment wlll assume the 
life eJ.:pectnncy of the sntellite, which is 3 yenrs. 
3.3.2 Nonreourring Costs 
These costs relate to the research, development, test, and evaluation (RDT&E) 
phnse to a point in whioh the user requirement system has an initial opernting 
cnpnbility. Included are installation, airornft retrofit, flight test nnd evaluntion, 
and initinl acquisition costs for such things as spare pnrts, test and maintennnce 
equipment, initial trtlining, housing, nnd nny other one-time 6l,:penditures. For 
this cost nnnlysis, nonrecurring costs are as defined below. 
3.3.2.1 Initial Acquisition Costs 
These costs are associated with the initial buy of equIpment required to achieve 
system startup. 
3.3.2.2. Improvement Costs 
Those costs assl1ciated with the additional outlay of funds that are rer"uired to 
achieve greater system effectiveness than is currently possible. Four of the 
altimeter systems conceived to address the 11 user requirements require a 
twofold to a fivefold improvement over current altimeter capabilities. It was 
learned from the General Electric Corporation (who engIneered and built the 
GEOS altimeter) that a twofold to fivefold improvement with GEOS would require 
only an additional expenditure equal to 10 percent of the ourrent GEOS altim-
eter research and development costs, and a thirtyfold improvement could be 
accomplished for approximately 100 percent of the current G EOS altimeter 
research and development costs. A three-hundredfold improvement required 
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by case D, user requirement 1 (Table 1-1), would require a new-technology 
approach because the bandwidth of the information would be greater than the 
carrier frequency of the radar. In consideration of this, an estimated $100 
mUlion was allocated to achieve a three-hundredfold improvement with a vari-
ance of ±50 percent and a confidence factor of 1. 
3.3.2.3 Software Development Costs 
These costs are associated with the personnel and machine time requested to 
develop the software programs for pru~essing data collected by the altimeter 
USer requirement systems. Costs are reflective of the software sophistication. 
3.3.2.4 Launch Costs 
These costs include those associated with launching the satellite. The estimated 
cORt for the Atlas booster was $7 million and was obtained from the GPS project 
manager's office. 
3.3.2.5 Repair Parts (Operating) 
These costs are associated with repair parts required to maintain the system 
in operation. Costs were calculated at 10 percent of the initial acquisition. 
costs. 
3.3.2.6 Installat!on, FlI~ht Test, and Evaluation Costs 
These costs are computed on the basis of the flight time required to check out 
equipment and to familiarize a flight crew with operational procedures. Instal-
lation costs are based o~ hoth the time and the extent of aircraft modifications 
that are required to insta!! the equipment aboard the aircraft. These costs 
were estimated at approximately $10,000 per aircraft installation plus hourly 
flying costs for equipment familiarization and checkout. 
3.3. 2.7 Initial Training (Per Diem, Transportation, Etc.) 
These costs are associated with system training, and are based on a 2-week 
course at $50 per day per diem and $400 administrative costs per individual. 
3-5 
II 
j 
1 
c, 
'1 
1 
o 
! 
I 
~ 
! 
·1 I 
I 
I 
r-" " 
-I 
f 
~I', H " I ____ -"--. 
3.3.2.8 Test/Maintenance Equipment 
These costs are associated with the purchase of test hardware for maintaining 
the equipment. Costs were dedved on the basis of the speclfic configuration 
of each user requirement. 
3,3.2.9 Personnel Displacement Costs 
These costs are assooiated with the movement of personnel and household effects, 
and are based on current moving rates in the h'ansportation industry: 8000 pounds 
of household goods and an average stage length of 1500 miles. Per diem was 
charged at $50 per day. Automobile mileage was costed at a rate of $0.15 per 
mile. 
3.:3.2.10 Land and Building PUrchase 
These costs are associated with the outright purchase of either a building or 
land. No purchases were contemplated in any of the user requirements. 
3.3.2.11 Program Planning Costs 
These costs are associated with the preplanning required to plan for and start up 
a project. These costs were computed at 2 percent of the nonrecurring costs 
and ther added as a part of the total nonrecurring costs. The 2-percent factor 
is based on expenditures from other similar projects (SEASAT and Viking). 
This factor will, however, vary with the complexity of the project. 
3.3.3 Annual Recurring Costs 
These are costs incurred after aoceptance of the altimetry svstem package and 
are associated with the operation of the system and the ongoing maintenance of 
the equipment and facilities. Included are (1) operating costs incorporating 
data acquisition, proceSSing and analYSiS, technical management and engineer-
ing, communications, tracking costs, and flight crew members; and (2) mainte-
nance costs, wl.ich include labor and materials for maintenance of facilities and 
equipment. For tIus cost analysis, annual recurrJ.ng costs are as defined below. 
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3.3.3.1 Personnel Costs 
These are costs associated with the manpower requirements to operate and 
maintain the system. Salary schedules are as follows: pilots, $30,000 annually; 
technical personnel, $25,000 annually; maintenance and crew chiefs, $18,000 
annually; and administrative personnel $10,000 annualiy. 
3. 3. 3. 2 Rents/Lease Costs 
These costs are associated with renting or leasing office cr maintenance space. 
Rates used represent a mean rate based on current office and hangar rental rates 
throughout the United Stat~s. 
3.3.3.3 Data Processing Costs 
Th.ese costs are based on the data processing time multiplied by an hourly 
machine rate. For this analysis, two hourly rates were used: $500 per hour 
for standard requirements and $1000 per hour for higher order data processing 
requirements. 
3. 3. 3. 4 Transportation Costs 
These costs include all transportation requirements, both air and land. In some 
instances, automobiles were assumed to be leased; in those cases where it was 
more economical, they were assumed to be purchased. 
3.3.3.5 Per Diem Costs 
These costs are computed at $50 per day per person. 
3. 3. 3. 6 Retraining Costs 
These costs are computed at 10 percent of the initial training costs per annum 
with a personnel attrition rate of 10 percent per year. 
3.3.::1.7 Overhead and Administrative Costs 
These are based on 50 percent of the personnel salaries and account for person-
nel benefit and administrative costs. 
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3.3.3.8 Data Distribution Costs 
These costs are associated with distribution of data via facsimile, mail, etc., 
to the user and in some cases represent just nominal costs. 
3.3.3.9 Facility Costs 
These costs t.re associated with facility maintenance and are Included in rental 
rates. 
3.3.3.10 Flight Hour Costs 
Theslj costs include maintenance, fuel, insurance, depreciation, etc., for fly-
ing a specified aircraft (excluding crew). Flight cost for a Lockheed Electra is 
$535 per hour. 
3.3.3.11 Satellite Replacement Costs 
Satellite replacement is assumed every 3 years and includes both launch and 
satellite costs. 
3.3.3.12 Satelllte Tracking and Stat10nkeeping Costs 
These costs are based on the amount of tracldng and satellite monitoring neces-
sary for a user requirement. It is :tssumed that a STDN tracking facility 
would be used at an average rate of $1000 per hour. 
3.3.3.13 Replenishment Repair Parts 
These costs are based on a 50-percent turnover of the initial repair parts 
package. 
3.4 USER REQUIREMENT COST WORKSHEET 
A user requirement cost worksheet (Table 3-1) was developed, which identifies 
by user requirement the operating effectiveness required; all cost elements in-
cluding hardware, operating, processing, and maintenance requirements; unit 
costs; improvement costs; a variance and confidence factor for each cost ele-
ment; required numbers of each cost element; and a total cost. The primary 
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Table 3-1. Sample Blank User Requirement Cost Worksheet 
~.~ 
'" I to 
ACCURACY: 
RESOLUTION: 
REPETITION RATE: 
REPORT TIME: 
FORMAT: 
DISTRIBUTION: 
DURATION OF DATA GATHERING: 
CURRENT 
ReaUIREMENT UNIT COST 
IHARDWARE AND SUPPORT {DOLLARS' 
~. 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CONFIDENCE 
tmlTCOST FACTOR. 
FACTOR (DOLLARS) PLUS MINUS 11-10) QUANTIlY 
. 
. 
= 
ESnUATED 
TOTAL COST 
lOOtLARSl 
OC 
-n:;c 
"tlG) 
0-OZ 
::at! 
t::J"tl C" l>G:l 
r- r."l 
~rq 
:-:-~ &_.,":-,,,~~-.-... ,,. 
., 
r 
I 
, 
I , 
. . 
( . 
i,. 
, 
'I 
1 ~ 
- - -- ~ - ---~-----
purpose of this user requirement cost worksheet is to provide input data by cost 
clement in a format that can be used with the economic model for estuarine eval-
uation. It further provides an altimetry systems packnge from which estimated 
annual and life-cycle altimetry user requirement costs can be calculated • 
3.5 USER REQUIREMENT COST SUMMARY 
A user requirement cost summary ('I'able 3-2) is included for computing annual 
and Ufe-cycle costs for each of the altimetry user requirements. This cost sum-
mary sheet identifies applicable nonrecurring and annual reourring oosts for 
each user requiroment, specifies the type of system (sate1l1te or aircraft), and 
allows for computation and comparison of totallife-oycle costs of the sate1l1te 
versus the aircraft system. All cost elements contained in Table 3 -2 are de-
fined in Section 3.3. Life-cycle costs are calculated by the following expression: 
LCC = NRC + 
where LCC = life-cycle costs 
NRC = nonrecurring costs 
t ARC 
N=l 
ARC = annual recurring costs (N = number of life-cycle years) 
No costs have been Inflated or discounted to present values as this will be ac-
complished In the execution of the economic decision model. 
The total life-cycle costs present vp.l ues from which a preliminary cursory 
judgment can be made as to the Qverall cost effectiveness of the system and 
whether further efforts should be exerted to conduct a detailed cost benefit 
analysis. It was observed that in most instances, the use of sate1l1tes prove 
to be more expensive than utilizing aircraft because they are costly to launch 
and require replacement every 3 years. However, in the case of user require-
ment 1, gravity anomalies, a satellite could be uoed effectively bp.cause the life 
cycle of the pl'oject was less than 3 years and thus required no replacement. 
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a Table 3-2. Sample Blnnk User Requirement Cost Summary 
COST PLATFORM 
SATELLITE AIRCRAFT 
NONRECURRINO 
INITIAL ACOUISITION IEXISTING HARDWAREI 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
LAUNCli 
REPAIR PARTSIOPERATINGI 
INSTA:'LATION. FLlOHT TEST AND EVALUATION 
INITIAL TRAINING IPER OIEM, TRANSPORTATION, ETC,I 
TEST/MAINTENANCE EQUIPMENT 
PERSONNEL DISPLACEMF.NT 
LANO AND DUILDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRING, 
OPERATING 
PERSONNEL 
RENT/LEASING IOI;FICE SPACE, DUILDINGS, ETC.; 
INCLUDES UTILITIESI 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERCENT ANNUAL TURNOVERI 
OVERHEAD AND ADMINISTRATIVE 
OATA DISTRIDUTION 
MAINTENANCE 
FACILITIES ILABOR MATERIAL, ETC., INCLUDED 
IN RENT! 
FLIGHT HOUR (AIRCRAFTI 
SATELLITE REPLACEMEN'1' 
TRACKING AND STATIONKEEPINO 
AEPAIR PARTS IREPLENISHMENT) 
TOTAL. ANNUAL RECURRING COSTS 
TOTAL COSTS FOR (101 YEARS· $ 
LIFE·CYCLE COSTS 
Lce· NRC + ARC 
WHERE Lce • LIFE·CYCLE COSTS 
NRC NONRECURRING COSTS 
ARC ANNUAL RECURRING COSTS IN· NUMBER LIFE·CYCLE YEARS) 
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SECTION 4 - ALTIMETER SYSTEM COST ANAT"YSIS 
This section describes the system proposed to meet the user requirements along 
with nn associated cost analysis. For each requirement, the information is 
presented ns follows: 
• User rpc,ulrement 
• Narra't1ve describing system components and operation 
• Iltustration depicting system operation 
• User requirement cost summnry 
• User requirement cost worksheets 
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4.1 USER REQUffiEMENTS FOR INFERRING GRAVITY ANOMALIES 
The user requirements for inferring gravity anomalies from Butell1te altimetry 
measurements are as follows:, 
• Accuracy: Case A 2 to 3 m!Iligal 
B 1 m!Ilignl 
• Resolutiou: Case A 3 by 3 kllometers 
B 1 by 1 kilometer 
• Repetition rate: Not critical 
• Report time: Not crWcal 
• Format: Data tapes and gravity anomaly maps 
• Distribution: Worldwide via special publ1cation 
• Duration of data acquisition: To completion of global coverage 
To satisfy these requirements, a system incorporating a radar altimeter aboard 
a satellite is required (Figure 4-1). The satell1te should be in a polar orbit 
(90-degree inclination) to achieve global coverage with a nominal 2-hour period. 
Because the orbit is polar, its ascending node does not precess; thus, to sam-
ple every point for cases A and B on the Earth In \\he shortest possible time 
the orbit chosen must be such that successive equatorial crossings are no closer 
than 1 or 3 kilometers, respectively. For a satelUtp. orbital period of about 
2 hours, the satellite will cross the equator 24 times, 12 ascending nodes and 
12 descending nodes, each 24 hours. Because the Earth rotates 15 degrees per 
hour, if the system begins at an ascending node at zero hour, all ascending nodes 
w1l1 occur at or near even hours and all descendlng nodes at or near odd hours. 
To achieve global coverage at 1- or 3-kilometer intervals, a nonintegral number 
of nodal crossings per day is necessary and a suitable orbit period must be de-
termined. An orbital rate slightly greater than 2 hours is required, such that 
the thirteenth revolution crosses the equator on the ascending node 1 or 
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3 k!lometers from the initial orbit. The correct orbital period, T ,to achieve 
sat 
the foregoing rcquiremcnts is determined by the following equation: 
where Ii = resolution (1 01' 3 I,Hometers) 
RO = Earth's semimajor axis (6378.1 Idlometers) 
w = Earth's rotation rate (7. 29211585 radians pel' second) 
e 
At the ol'bital periods necessary to achieve the 3- and l-Idlometer resolution, 
the time, T , necessary for one satellite to map the whole Earth is equal to 
555 days and 1670 days, respectively. 
It is assumed that the lifetime of a satellite for case B is 5 years, an improve-
ment of 2 years over current-generation satellites. Because of the high duty 
rate assllmed for this mission (100 percent), however, this improvement may 
be difficult to achieve. Furthermore, because of the small surface region 
(1 Idlometer) being observed, multiple passes will probably be needed to filter 
out tranSient conditions on the sea surface. However, both of these factors are 
being ignored in this analysis because this requirement is diffio' .. 1t to meet, 
even with unconstrained teclmology. 
To determine gravity anomalies to within the specified values, the geoidal height 
uncertainty may not exceed 0.3 centimeter for case A and O. 03 centimeter for 
case B. These values are inferred from the requirements of 3 milligal and 
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und 1 mllUgul using Knuln's Rule. They nre stntisticnl estimntes rcprcsent-
inA' tIll' expected vnrlunce hI the A'eoid height fol' nl'en elements of 3 by 3 Idlom-
eters nnd 1 by 1 kilometer C,)r anses A nnd B, respectively. In prnctice, the 
rcquirements cnn be expocted to be mal'O stringont becnuso tho thoory used to 
esthnute geoidul holghts from gl'llvlty nnomn1l0s Is Impreoise. Dr. M. A. Khnn 
ullNI grnvlty models with 3-milllgnl uneortnlnty nvernged 01'01' 1-degree-by-
I-deA'rce squurcs to genoruto geoldnl hoights hnving n 1-motor uncertninty. In 
performing tho Inverse onloulntlon, I. e., genorntlng gl'llvity ltIIomnlios from 
gooidllI holghts nnd, In pnrticulnr, using the ±1-metor geoldnl heights, nn unoer-
tnlnty In gl'nvlty nnomulles of the order of 15 to 20 mllIlgnl wns renllzed. Thus, 
thc currcnt theory roqulres nn Incrense In ultlmeter preciSion by u Cuctor of 
five to seven. 
To meet those usor accurncy rl~qulrements, nil errors must bc less than 0.3 
e('l1timoter or 0.03 eentimeter. The uneol'tninty in A'eoidnl heiA'ht nrises from 
snteJJitc trncldnA' nncl nttitude errors, ntmospheric propngntlon errors, nnd 
altimeter errors. As stnted In Section 2, these fnctol'a cnnnot presently be 
corrected to this llccurncy. Thus, the theory must bo developed further. 
Datu must 1:.e recorded in the units of time It tnlms for the radnr pulse to tt'nvel 
from the natonna and be reflected by the sen nnd return to the detector. A time 
tnA' Is nppllcd te ench piece of dntn thnt mny be nn nverng'o of mnny reflectiens. 
The time tng if' used to pick out the sntellite position from the ephemeris nnd 
the elapsed trnnsmission time is used to estimate the rnnge to the surface. A 
multitude of these runge dntn nfter correcting fer ntmesphel'ic effects nnd 
0ther i'uctors Is uvernged \lver a selected squnro nnd, successively, geoidul 
height und grnvity nnomnly determinntions nre mnde over the ureu of interest. 
A simulntlen performed in support of the GEOS-C sntellite cnn be used as I1n 
1This rule may not be stl'ictly vulid for degrees of this magnitude (cnse A, 
n = 6,000; cnse B, n ~ 18,000). 
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example of the complltilr time required to produce n worldwide gravity map. 
In this case, geoidal heights and gravity anomalies OVl'r a region 24 degrees 
longitude and 17 degrees latitude were determined. In this simulation, 1500 
1-second range averages were processed in 5 minutes on the mM S/360-95 
cumputer to produce 2-degree-by-2-degree maps. 
The GEOS-C altimeter is used to study regions 100 Idlometers by 100 ldlometers 
and has a repetition rate of 10 pulses per second. Thus, for the same number 
of samples per 1-by-1-ldlometer resolution element, a pulse repetition rate of 
1000 pulses per second is required. 
Computation time for each resolution element is 3 seconds and there are ap-
8 proximately 8 by 10 elements on the Earth's surface for case B. The amount 
of computer time required to produce a worldWide gravity anomaly map of the 
ocean with a 1-1dlometer resolution is 35 to 40 years. This figure takes into 
account that the Earth is 30 percent land and the distanco bctwocn the meridians 
decreases with increasing latitude. For case A, this time would be reduced by 
a factor of 9. The mM S/360-95 is a third-generation machine, and existing 
fourth-generation machines (Illiac, CDC Star, etc,) are at least an order of 
magnitude faster. Case B data, therefore, can probably be processed in 4 years 
whereas case A data can be processed in approximately 6 months. If data from 
only certain regions of the Earth must be processed, much less computing time 
is required. Once precessed, gravity anomaly maps can be mailed to users. 
The costs of the system required for cases A and Bare $36,794,514 and 
$209,241,403, respectively. The follOWing pages contain a detailed breakdown 
of these costs. 
A less stringent set of user requirements for inferring gravity anomalies is 
as follows: 
• Accuraey: Case C 40 milligal 
• Resolution: 30 by 30 kilometers 
• Repetition rate: Not critical 
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• Format: Data tapes and gravity anomaly maps 
• Distribution: Worldwide via speoial publioation 
• Duration of data gathering: To completion of global coverage 
To satisfy these requirements, a system employing an altimeter similar to that 
onboard the GEOS-3 satell1te is required. Forty-milligal aocuracy over a 
3D-kilometer region corresponds to an altimeter accuracy of 0.40 meter, well 
within the current capability of GEOS-3. The equation used is as follows: 
where (] L (N) = expected deviation in geoid height, N, over an area L ldlometers 
on a side (meters) 
RE = mean Earth radius, 6,370,000 meters 
"I = mean gravity on the geoid, 980,000 milligal 
(] L (e.g) = expected deviation in mean free air gravity anomaly over an 
area L kilometers on a side (milligal) 
Data should be collected over a 3-year period with a duty cycle of 4 hours of data 
collected per day. If the orbit is chosen such that it precesses 1/3 degree per 
day, two independent sets of data for each point on the Earth (separated by 
111 kilometers = 1 degree) will be collected. This will facilitate identification 
and removal of tranSient topographic features. The satellite needs to be tracked 
globally using the existing STDN network, which should be able to locate the 
satellite sufficiently accurately over a short, slowly varying arc to detect 
gravity anomalies to vl'ithin 0.40 meter. 
The costs for the three satellite systems are as follows: case A, $36,795,514 
(2 years); case B, $209,241,403 (9 years); and case C, $12,674,324 (1 year). 
Tables 4-1 and 4-2 present detailed cost information. 
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Table 4-1. a User Requirement Cost Summary for Inferring Gravlty Anomnlles 
TYPE OF COST 
NONReCURRING 
INITIAl. ACQUISITION IEXISTING HARDWARE) 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
l.AUNCH 
REPAIR PART510PEAATINOJ 
INSTALLATION, Fl.lQtlT TEST AND EVAL.UATION 
INITIAL TRAINING (peR DIEM. TRANSPORTATION, ETC I 
TE5TiMAINTENANce EDUIPMENT 
PERSONNEl. DISPLACEMENT 
LAND AND I'lUILDINQ PURCHASE 
PROORAM PLANNING 
TOTAL NCNRlCurUUNG COsTS 
ANNUAL ReCURRING 
OPERATING 
PERSONNEl. 
RENTiLEASING (OFFICE SPACE, BUILDINGS, ETC. 
INCLUDES uTlLlTIl!SI 
DATA PROCESSING 
TRANSPORTATION 
PER DIIiM 
RETRAINING 110 PERCENT ANNUAL. TURNOVER I 
OVERHEAD AND AOMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
F ACIL.ITIES ILAUOR MATERIAL. ETC, INCL.UOED 
IN RtNTI 
FLH.iHT HOUR {AIRCRAFT) 
SATEL.L.ITE REPLACEMENT 
I (RACKING AND STATJQNKIiEf'ING 
rEPAIR PARTS !REPLENISHMENT! 
TOTAL ANNUAL RECURnlNG COSTS 
TOTAL COSTS 
LCC' NRC t t ARC 
N'I 
WliERE LCC LIFE,CYCLE COSTS 
NONAECURRING caSTS 
CAGE A SATELLITE 
4,500,000 
4,500,000 
1,600,000 
1,000,000 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
357,000 
17.867,000 
0,750 
1,184 
9.160,000u 
NIA 
NIA 
NIA 
4,37& 
1,635 
NIA 
NIA 
NIA 
B,1GO.OOOd 
NIA 
D,"08.157 
36,794,514 
12 VEAAS) 
NRC 
ARC ANNUAL. RECURRING COSTS IN ~ NUMDE!R LIFE,CYCLE YEARSI 
uFOR 6 MONTHS, 
(Fon 4 YEARS, 
dFOR 665 DAYS 
'FOR 1610 DAVS 
4-8 
PLATFORM COST fOOL-LARSI 
CAS!; tI SATELLITE CASE C SATELLITE 
4,500,000 4,500,000 
112.500,000 
3,000,000 100,000 
7,000,000 7,000,000 
NIA NIA N" NIA 
NIA N/A 
N" N/A 
NlA N/A 
N/A N/A 
2,590.800 230,&40 
120,5DO)300 11.n3D.~O 
35,000 35,000 
1,184 1,IB4 
8,160,0001: 63.000 
NIA 
N/A 
NIA 
11,500 17,500 
36,383 1,000 
NIA 
NIA N/A 
NIA N/A 
B,7GO,OOOl! 130,000 
NIA N/A 
8,850,061 037,684 
20D,241,403 12,074,324 
IIJ VEARS) 11 VEAR! 
r = = 
Table 4-2. User Requirement Cost Worksheet for Infe=ing Gravity AnoMalies (1 of 5) 
,;>. 
J, 
--
ACCURACY CASE A. 2 TO 3 MILUGAL; CASE B. 1 MILLlGAL 
RESOLUTION CASEA.3BY 3 KILOMETERS~CASE B.l BY 1 KILOMETER 
REPETITION RATE: NOT CRITICAL 
REPORT TIME' NOT CRITICAL 
FORMAT: DATA TAPES AND GRAVITY ANOMALY MAPS 
DISTRIBUTION: WORLDWIDE VIA SPECIAL PUBLICATION 
DURATION OF DATA GATHERING: TO cc.:'dPLETION OF GLOBAL COvERAGE 
IMPROVEMENT 
CURRENT 
ReQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI fDOLLARS) FACTOR {DOLLARSI 
SATELLITE (SEASAT 4.soo,ooo '0 4.soo,llOO 
ALTIMETER) (CASE Al 
SATELLITE (SEASAT 4,500,000 '00 108.[)OO.ooo . 
ALTIMETER) (CASE Bl 
SOFTWARE N/' 30 5OO,IlOO1 
DEVELOPMENT YEAR 
COSTS [CASE A.' 
SOFTWARE N/. '00 1,000.0001 
DEVELOPMENT YEp,:;< 
COSTS leASE BI 
LAUNCH COSTS 7.000.000 N/' N/' 
PROGRAM PLANNING 357,000 N/' N/' 
COSTS ICASE Al 
~OCiRAM PlANNING 
COSTSICASE 81 
2,590,~OO N/' N/' 
PERSONNEL 25.oooIYEAR N/' N/' 
(TECHNICAU 
PERCENTAGE 
VARIANCE 
CONFIDENCE ESTlMATED 
fACTOR WTALCOST 
PLUS MINUS 11-101 QUANTITY [DOLLARSI 
25 25 7 1 9,1lOO 
50 50 1 1 112.510.000 
15 15 , 3 1,500,IlOO 
15 15 1 , 3.DOO;:HJ 
15 15 S 1 7.ooo,llOO 
'0 5 • NI' J57,1lOO 
'0 5 • N/ • 2,590.sro 
10 10 9 1 25,1lOO 
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Table 4-2. User Requirement Cost Worksheet for Inferring Gravity Anomalies (2 of 5) 
SATELLITES A AND B {CaNTO} 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST U"lITCOST FACTOR roTALCOST [HARDWARE AND SUPPORT] (DOLLARS) FACTOR (DOLLARS) PLUS MINUS 11-101 QUANTITY IDOLLARS) 
PERSONNEL lD.OOO/YEAR N/A N/A 10 10 9 1 10.000 
(ADMINISTRATIVEI 
OFFICE RENT 7.89 FEET'/ N/A N/A 
{TO BY 15 FEETI 
15 15 8 150 1.184 
DAT~. PROCESSING 1.000/HOUR N/A N/A 15 15 4 4,380 4.380.000 
SYSTEM (CASE AI 
DATA PROCESSING 1.000/HOUR N/A N/A 
SYSTEM (CASE B' 
15 15 4 35.040 J5,1)40.ooo 
OVERHEAD COSTS 0.5 X PER~ N/A N/A 15 5 8 N/A 4.375 
ICASEAI SONNEL 
COSTS 
OVERHEAD COSTS O.D5 X PER· N/A N/A l 15 5 8 N/A 17.500 (CASES) SONNEL I 
COSTS , 
DATA DISTRIBUTION U2IPOUNO N/A I N/A 30 a 9 1.460 YEAR 1,635 (CASE A} 
DATA DISTRIBUT!ON T.12tpOUND N/A N/A 30 a 9 32.485 YEAR 36,383 
ICASEal 
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Table 4-2. User Requirement Cost Worksheet for Inferring Gravity Anomalies (3 of 5) 
SATELLITES A AND B (CONTO) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR TOTAL COST 
tHARDWARE AND SUPPORT) (DOL~RSt FACTOR (DOLLARS) PLUS MINUS (1-10) QUANTITY (DOLLARS) 
SATELLITEIRACKING 1.000/HOUR N/A N/A .5 .5 9 8.760 8.760.000 
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Table 4-2. User Requirement Cost Worksheet for Inferring Gravity Anomalies (4 of 5) 
SATELUTEC 
IMPROVEMENT 
CURRENT 
REQUIAEMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORT) (DOLLARS) FACTOR (DOLLARS) 
SATELLITE (SEASAT 4,500,000 4,500,000 
ALTIMETER) 
SOFTWARE N/A N/A N/A 
DEVELOPMENT 
COSTS 
LAUNCH COSTS 7.000,000 N/A N/A 
PROGRAM PLANNING 236,640 N/A N/A 
COSTS 
PERSONNEL 25.000/VEAR N/A N/A 
(TECHNICAL) 
PERSONNEL lD.OOOfYEAA N/A N/A 
(ADMINISTRATiVE) 
OFFICE RENT 7.89 FEET'/ N/A N/A 
no BY 15 FEET} YEAR 
DATA PROCESSING SOOIHOUR N/A N/A 
----.,,;:..-.--~- ---~-~-
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MINUS U-1DI 
15 15 9 
15 15 3 
15 15 8 
30 5 6 
10 10 9 I 
10 10 9 
15 15 8 
15 15 4 
;~ '"--_ ...... -
QUANTITY 
1 
1 
1 
N/A 
• 
1 
150 
106 
" 
ESTIMATED 
TOTAL COST 
IDOLt.ARS) 
4.500,000 
100,000 
7.000.000 
236,640 
25.000 
10.000 
1.184 
53.000 
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Table 4-2. User Requirement Cost Worksheet for Inferring Gravity Anomalies (5 of 5) 
SATELLITEC 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI (oOLL6RSI FACTOR (DOLLARS) • PLUS ~ MINUS 
OVERHEAD COSTS 0.5 X PER· NIA NIA ,5 5 
SOtlNEL 
COSTS 
DATA DISTRIBUTION NOMINAL 
SATELLITE TRACKING 1.000/HOUR N/A N/A 15 15 
COSTS' 
a,wO HOURS PER DAY FOR 365 DAYS. 
" .... --- __ --.#, _____ --I..>.-~~--
--,L _' .. _ ',. _____ , 
CONFIDENCE 
FACTOR 
U-tOl QUANTITY 
B N/A 
9 730 
I 
., 
ESTIMATED I 
TOTALCOST I 
(DOLLARS) I 
! 
17.500 
I 
1.000 
. 
730,000 00 
.,,:!! 
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4.2 USER REQUIREMENTS FOR DETERMINING WAVE STATISTICS 
The user requirements for determining wave statistics for offshore structure 
design are as follows: 
• Accuracy: ±10 centimeters (seastate) 
• Resolution: 1 by 1 Idlometer 
• Repetition rate: 2 hours (during storm) 
• Report time: Not critical 
• Format: Data tape only 
• Distribution: Specific users (small number) 
• Duration of datn gathering: Permanent task 
The altimeter provides statistics on wave height distribution; wave directional 
spectra, of primary importance in towel' deSign, cannot be obtained. To gather 
the wave statistics via a satellite system, 12 satellites, each carrying a radar 
altimeter, are required (Figure 4-2(a)), and such a system would be extremely 
expensive. Each satellite, about the size of GEOS-3, must be in a polar orbit 
(DO-degree inclination) at an altitude of 480 Idlometers, with successive right 
ascensions of the nscendlng node differing by 30 degrees. This wlll enable ob-
servations over the region of interest every 2 hours. The satellite altimeter 
must be able to provide seast.'lte data to within ±10 centimeters. The altimeter 
currently under development for SEASA T-A has a precision of ± 10 centimeters 
nnd can provide senstnte to within ±50 centimeters. Thus, n fivefold improve-
ment in altimeter preCision to ±2 centimeters is expected to he nble to meet 
the ±10-centimeter seastate requirement. 
The satellite trajectory must also be Imown to within ±2 centimeters as it passes 
over the region of interest so that verticnl excursions can be filtered out of the 
range data. With a slight improvement in the ±3-centimeter preCiSion, the 
planned NAVSTAR system can satisfy this requirement. '!11e data-handling 
4-14 
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requirements are not excessive, for 1 year of data can be readily processed by 
the nnticipnted SEASAT-A data processing system. 
The altimeter data rate wm not exceed the SEASAT-A 300-bit-per-second rate 
if n mnximum-liltelihood processor is deployed on the satellite. On the assump-
tion that there will be 12 observations per day, the computer tI..me required for 
1 year of nata is a few minutes. The processed datn (seastnte versus time) 
can be mniled to the user for input into Texas Tower design models. 
An alternative to a 12-satellite system is one employing an aircraftborne radar 
altimeter (Figure 4-2(b)). The o.1timeter should be a fivefold improved versIon of 
the NRL nanosecond radar, which has a range quantization of 0.625 nanosecond = 
9.37 centimeters. The improved version should have a range quantizatiun of 
0.125 nanoseoond = 0.187 centimeters. Suoh an improvement oan be aohieved 
by decreasing the pulse duration by a factor of nve. An instrumented Electra 
aircraft could be sent to the offshore region of interest whenlWver a severe 
storm is forecast. Such an aircraft would traverse the region of interest every 
2 hours and collect wave-height data. If the duration of the storm exceeds 
6 hours (the nominal aircraft loiter time), as it frequently does, at least two 
aircraft will be required. For example, to reduce turbulent motions, an air-
craft flying at 500 Idlometers per hour at an altitude of over 20,000 feet oan 
travel 1000 kilometers in 2 hours (overfly a 100-kilometer-by-IOO-Idlometer 
region 10 times with flight lines spaced every 10 Idlometers). For eaoh 
10-ldlometer region, 18 seconds of seas tate data should be recorded. 
A vertical accelerometer is needed to correct for aircraft vertical motions 
resulting from turbulence during the time data is being collected. The aircraft 
should also be equipped with a NA VSTAR receiver to update its inertial, naviga-
tor so that it can determine its position to within 1 kilometer. 'fhe seastate 
data may be processed onboard the aircraft using a maximum-likelihood proc-
essor, the output of which can be stored on tape. Once the aircraft has landed, 
4-15 
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the tape CM be stored until all data has been collected. These tapes CM then 
be mailed to the users for processing to determine wave statistics. 
The costs of the spaceborne Md airborne systems over a 10-year period are 
$581,380,270 Md $6,789,331, respectively. Tables 4-3 and 4-4 contain detailed 
cost information. 
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Figure 4-2. Offshore Wave Sti?Ltlstics--Satellites and Aircraft 
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Tnble 4-3. a User Requlromont Cost Summnry for Dotermlnlng Wavo statlstios 
-
.. ... 
T'tPE OF COST 
NONRECUI1RING 
INITIAL ACOUISITION IEXISTING HAROWAREI 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
LAUNCU 
nEflAIn PARTS IOPERATING) 
INSTALLATION, FLIGIIT TEST AND EVALUATION 
INITIAL TIlAINING IPER DIEM, TRANSPORTATION, ETCI 
TEST!MAINTENANCE EOUIPMENT 
PEI1S0NNEL DISPLACEMENT 
LAND AND UUILDING PURCHASE 
PROGRAM I'L.ANNING 
TOTAL NONfleCUARINO caSTS 
ANNUAL RECURnlNG 
oPERATING 
PERSONNEL 
nENTtLEASINO IOFFICE SPAce.I1UILDINGS, ETC.; 
INCLUDES UTILITIES) 
DATA PfloCeSSING 
TRANSPORTATION 
I'EA ClEM 
RETRAINING 110 PERCENT ANNUAL TURNOVER) 
OVERHEAD AND ADMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
FACILITIES (LADOn MATERIAL. ETC., INCLUDED 
IN RENTI 
rLIGHT HOUR IAIRCRAFT! 
SATELLITE REPLACEMENT 
TRACKING AND STAT!ON~EEPING 
nerA i PARTS (REPLENISHMENT) 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR 1101 YEARS· $ 
"LIFe·r:YClE COSTS 
WHERE 
N 
Lce D NRC + ~ ARC 
N· I 
LIFE·CYCLE COSTS 
/,tONAECURAING COSTS 
PLATFORM COST IDOLLARSI 
SATELLITE AIRCRAFT 
. 
M,300,OOO 1,4B3,OOO 
B,400,OOO 7 ,BOO 
20,000 10,000 
84.000,000 N/A 
N/II 2B,OBO 
N/A 30,050 
N/A 6,600 
N,'A 7,G9G 
N/A 2.400 
N/A N/A 
2.074,000 31,441 
140,B04,OCO 1,072,041 
2,083 210,000 
N/A 4,932 
600 600 
N/A 1,000 
N/A 18,230 
N/A 000 
1.04~ 108.00Q 
NOMINAL NOMINAL 
N/A 100,600 
43,110,000 N/A 
366,000 N/A 
N/A 12,026 
43,478.621 622,000 
58 1,300,270 O,70f:.~t'1 
LCC 
NRC 
Aile ANNUAL RECURRING COSTS IN • NUMBER LlFE·CYCLE YEARS) 
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Table 4-4. User Requirement Cost Worksheet for Determining Wave Statistics (1 of 5) 
SATELLITE 
ACCURACY: :110 CENTIMETERS tsEASTATEl 
RESOLUTla~. 1 BY , KILOMETER 
Rt~ETITION RATE- 2 HOURS DURING STORM 
REPORT TIME: NOTCRITICAL 
FORMAT: DATATAPEQNLY 
DISTRIBUTION: SPECIFIC USERS ISMALLNUMBERI 
DURATION OF DATA GATHERING: CONTINUOUS, PERMANENT 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORT) IDOLLARS) FACTOR [DOLLARS) 
SATELLITE 4.500.000 5 4,950.000 
ISEASAT AlTIMETERI 
MAXIMUM·LIKELIHOOD 25.000 N/A 
riA PROCESSOR 
SOFTWARE 2.500IMONTH N/A N/A 
DEVELOPMENT 
LAUNCH COSTS 7,000.000 N/A N/A 
PROGRAM PlANNING 2,874.000 N/A N/A 
CO"'" 
PERSONNEL 25,oooIYEAR N/A N/A 
[TECHNICAL) 
DATA PROCESSING 500/HOUR N/A N/A 
SYSTEM 
OVERHEAD AND 05X PER· N/A N/A 
ADMINISTRATIVE COSTS SONNEl 
= 
- ~~...:. 
- ----.-----~ 
PERCENTAGE 
VARIANCE 
CONFIDENCE ESTIMATED 
FACTOR TOTAL COST 
PLUS MINUS «1-101 QUANTITY (DOLLARSI 
J7 0 9 12 59.400.000 
15 15 7 12 300.000 
5 5 • "BMONTHS 20.000 
15 15 • 12 84.000.000 
• 
30 5 6 N/A 2,874.000: 
10 10 9 , r..ONTH 2J)83 
15 
" 
0 1 HOUR SilO 
I 
15 5 0 N/A 1,Q42 
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Table 4-4. User Requirement Cost Worksheet for Determining Wave Statistics (2 of 5) 
SATELLITE (CONrOI 
PERC£tHAGE 
ror"FIDEuCE I I .... PROVEMENT VARIANCE CURRENT ESTIMARO 
REQUIREMENT UUlTCOST UWTCOST FACTOR I TOTAL COST 
IHAROWAt~E AND SUPPORT) lDOLLARS) FACTOR fODlLARSI PLUS MmUS 
" 
10, aUAt4T1TY 'COLLARS) 
DATA DISTRIBUTIO~. 1 nl'CUNO N'A N'A 
'" 
a 9 1 2 
(MAIL) 
-
SATELLITE TRACI<IUG l000fHQUR N/A '~{A 50 20 1 7 ZG "'.000 
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Table 4-4. User Requirement Cost Worksheet for Determining Wave Statistics (3 of 5) 
AIRCRAFT 
ACCURACY :.10CENTIMETERS ISEASTATE) 
RESOLUTION 1 BY 1 KILOMETER 
REPETITION RATE: 2 HOURS DURING STORM 
REPORT TIME NOT CRITICAL 
FORMAT" OATATAPEONLY 
DISTRIBUTION SPECIFIC USERS (SMALL NUMi:.FR) 
DURATION OF DATA GATHERING: CONTINUOUS. PERMANENT 
PERCE.UTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR iOTALCOST 
(HARDWARE AND SUPPORT) (DOLLARSI FACTOR [DOLLARS) PLUS MINUS tl-1DI QUANTITY (COLLARS) 
AIRCRAFT 600.000 N!A N,A 10 10 8 2 1,200.000 
(LOCKHEED ELECTRA) 
NANOSECOND RAOAR 75.000 S B2,soo 2. 2S 6 2 165.000 
ALTIMETER 
VERTICAL 10,000 N'A N,A 10 10 7 2 20.000 
ACCELEROMETER 
SATELLITE RECEIVER 10.000 N'A N,A 25 
'" 
S 2 20.000 
(NAVSTARI 
. 
MAXIMUM-LIKELIHOOD 25.000 N'A N,A lS lS 7 2 50.000 
PROCESSOR 
SOFTWARE 2.500/MONTH N'A N,A S S 8 4 MONTHS 10,000 
DEVELOPMENT 
AUXILIARV 
EaUIPMEN~ 
1.500 EACH N'A N'A 5 • 9 1 lSOD 
EQUIPMENT INSTALLA- 5351HOUR N'A N/A 10 ,. S JOFLIGHT :l6.oso 
TION. FLIGHT TEST HOURS 
AND EVALUATION 
--- - - - -
.- .-
---
"THE INSTALLATION COST FOR EACH AIRCRAFT IS $10,000 
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Table 4-4. User Requirement Cost Worksheet for Determining Wave Statistics (4 of 5) 
AIRCRAFi ·CONTO) 
I IMPROVEMENT 
CURRENT 
REOVIREMENT UNIT COST UNIT COST 
(HAROWARE AND SUPPORT) (DOLLARS) FACTOR IDOLLARS) 
TRAINING 12-WEEK l,OOOJPER N/A N/A 
COURSE} 
AIRTAAVEL JOO/TICKET N/A N/A 
(ROUNDTRIP) 
PAOGRAM PLANNING 31,441 N/A N/A 
COSTS 
FLIGHT PERSONNEL 3O.oooIYEAR N/A N/A 
(PILOT) 
FLIGHT PERSONNEL lB.OOOIYEAR N/A N/A 
ICREW) 
PERSONNEL 25.OOOIYEAR N/A lilA 
[TECHNICAL' 
PERSONNEL 
(ADMINISTRATive, 
1D,OODIYEAR N/A N/A 
OFFICEAENT 7.89 FOO-r2 N/A N/A 
--~-
PERCENTAGE 
VARIAflCE 
CONFIDENCE ESTIMATED 
FACTOR TOTAl. COST 
PLUS MINUS 11-101 QUANTITY (DOLLARS) 
10 10 7 6PER .;;00 
15 a 9 B 2.400 
3. 5 • N/A 31,441 
I. I. 9 4 120.000 
10 10 9 2 :!S.DOO 
10 I. 9 2 5 • .DOD 
I. I. 9 1 ".ODD 
10 10 8 lVEAR 4.932 
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Table 4-4. User Requirement Cost Worksheet for Determining Wave Statistics (5 of 5) 
AIRCRAFT [CONTD) 
PERCENTAGE 
IMPROVEMENT VARJ.IoNCE 
CONFIOEr....-CURRENT ESTI'-'A TEO 
REQUIREMENT UN:TCOST UNIT COST FACTOR TOTAL COST 
(HARDWARE AND SUPPORn (OOU.ARSI FACTOR [DOLLARS1 PLUS "'NUS n -101 QUANnTY (OO:..LARSl 
DATA PROCESSING ) SOOlHQUR NJA NJA .. IS • 1 HOUR SOD :!>YSTEM 
CAR PUROiASE <cOOO/CAR NlA NIA 10 10 9 1 
--
PERDIEM SOlOAY NJA N.'A S S 9 3E50AVS ' • .>so 
OVERHEAD COSTS 05XPER· NJA NJA IS S • N;A ''''-SONNEL COSTS 
DATA DISTRIBUTION l.l2!POUNO NIA NJA 30 0 9 1 POUND 2 
o.:.t.: ... 
AIRCRAFT OPERATING 5l5fHQUR NIA NIA 10 10 • zoo U;C.soo COSTS 
. 
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<1.3 USER REQUIREMENTS FOR PREDIC'i'ING HURRICANE/STORM PATHS 
The user requirements for predicting hurricane/storm paths are as follows: 
• Accuracy: ± 1 0 centimeters 
• Resolution: 0.5 by 0.5 ltilometer 
• Repetition rate: 1 hour 
• Report time: 2 hours after reading 
• 
• 
Format: Digital grid for wave heights 
Distribution: Regional (area affected) 
• Duration of data gathering: Permanent task 
It is doubtful that a spacec~'aft could meet this requirement bccause a hurricane 
path is irregular, malting observation by a satellite on a continuing basis 
extremely improbable. Furthermore, multiple satellite pusses over the hurri-
cane in :: short period of time is next to impossible even given the premise of 
unconstrained technology. An alternative method is that of mounting an altim-
eter aboard a hurricane hunter aircraft. 
A hurricane is typically 600 ltilometers across, and the speed of a hurricane 
hunter aircraft is 500 kilometers per hour. This alternative, therefore, will 
enable only one pass to be made across the hurricane in 1 hour. In addition, 
turbulence within the hurricane would probably preclude the P-3 hurricane 
hunters from penetrating' at 500 kilometers pel' hour. Thus, a fleet of aircraft 
would be needed if hourly seastate data are desired. This requirement, and the 
fact that seastate would be of only marginal value in predicting the path of a 
hurricane (current models only requi:cl:l sea surface temperature, Wind, and 
pressure versus altitude) leads to the conclusion that a system employing a 
radar altimeter to predkt the path of a hurricane would be extremely cost in-
effective. 
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4.4 USER REQUIREMENTS FOR COASTAL SURGE, STORM-DRIVEN 
RUNUP 
The user requirements for coastal surge, storm driven runup are as follows: 
• Accuracy: :1:10 centimetcrs 
• Resolution: 10 by 10 kilometers 
• Repctition rate: 6 hours 
• Report time: 3 hours after reading 
• Format: Analog or digital grid displayed on map of specific coastal 
areas of interest 
• Distribution: Regional (area affected) 
• Duration of data gathering: Permanent task 
Satisfaction of this requirement with a satellite-based altimeter system is pos-
sible (Figure 4-3(a). However, four satellites in polar orbit would be needed 
to Interrogate some general region on a 6-hour basis. The SEASAT-A' altimeter 
has sufficient precision to meet the :l:10-centimeter accuracy, provided that 
the satellite can be tracked to within ± 10 centimeters. This accuracy should 
be possible using either the planned NAVSTAR navigation system or one with 
its accuracy. Also needed are local tide tables so that the oscillations in sur-
face height due to tides can be subtracted for altitude range measurements during 
storm periods. Data from the altimeter can be telemetered to a STDN ground 
receiving station and subsequently to the National Oceanic and AtmospheriC 
Administration (NOAA) or some other agency for prooesslng. Altimeter data 
can be qulcldy processed using SEASAT algorithms for input into the storm 
surge models. A telefax link between the prooesslng oenter and the user must 
be established for rapid data distribution of digital grid maps. 
A system employing an alroraftborne altimeter can be employed as an alternative 
(Figure 4-3(b)). The aircraft must be tracked continuously and its vertical 
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position must be Imown to within t10 centimeters. Thl'ee tracking stations 
employing all-weather radar traokers arc needed. The station coordinates 
oan be located to within t10 centimeters using the plnnned NAVSTAR system. 
The aircraft used should be a Loeldleed Electra, outfitted with a radar trans-
ponder to facilitate radar tracldng. Both the NRL nanosccond radar and the 
Wallops AAFE altimeter have sufficient precision to measure the l'ange to the 
surface to within t 10 centimeters. Surface profiles can be talten on both the 
outbound and inbound flight legs. Data should be telemeter cd to the aircraft 
base and then sent by telephone line to a central processing faolllty. A telephone 
line to the user will enable the faoslmllles to reach the user within 3 hours, 
The cost of such a satelUteborne altimeter system for a 10-year period Is 
estimated to be $185,301,403; an alrcraftborne system is estimated to cost 
$9,255,832. Tllbles 4-5 and 4-0 include detailed cost information for each 
system. 
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Figure 4-3. Coastal Surge--Spacecraft and Aircraft 
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a Table 4-5. User Requirement Cost Summary for Coastal Surge Storm-Driven Runup 
TYPE OF COST 
NONRECURRING 
INITIAL ACQUISITION !EXISTING HARDWAREI 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
LAuNCH 
REPA," PARTS IOPERATINGI 
I~STALLATION. FLIGHT TEST AND EVALUATION 
INITIAL TRAINING (PER DIEM. TRANSPORTATION. ETC.I 
TEST/MAINTENANCE EOUIPMENT 
PERSONNEL Olt JLACEMENT 
LAND AND BUILDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRINO 
OPERATING 
PERSONNEL 
RENT/LEASING 10FFICE SPACE. BUILDINGS. ETC.; 
INCLUDES UTILITIES) 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERCENT ANNUAL TURNOVERI 
OVERHEAD AND AOMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
FACILITIES (LABOR MATERIAL, ETC., INCLUDED 
iN RENTI 
FLIGHT HOUR IAIRCRAFTI 
SATELLITE REPLACEMENT 
'rAACKING AND STATIONKEEPING 
REPAIR PARTS !REPLENISHMENT) 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR 1101 YEARS· $ 
ItL1FE·CYCLE COSTS 
WHERE 
N 
L.ee .. NRC + L: ARC 
Nol 
Lee • LIFe·CYCLE COSTS 
NRC NONRECURRING COSTS 
PLATFORM COST (DOLLARSI 
SATELLITE AIRCRAFT 
. 
18,016,160 1,412,650 
N/A N/A 
15,000 12,000 
2B.000.000 N/A 
N/A 62.616 
N/A 23.316 
N/A 7,700 
N/A 26.B11 
N/A IR.oo5 
N/A NI;\ 
920,623 36.965 
46,051,773 1,605,732 
4,167 1B 1 ,000 
N/A 4.932 
2,m~ 10.500 
N/A N/A 
3.000 4,{I0Q 
N/A 110 
2.084 OO,GOO 
N/A N/A 
N/A 446.120 
13.B04.B45 N/A 
18,700 N/A 
N/A 31.298 
13,834.B63 769.010 
185.301.403 9.265,832 
ARC .. ANNUAL ReCURRING COSTS IN a NUMDl:!.R LIFf·CYCLE YEARS) 
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Table 4-6. User Requirement Cost Worksheet for Coask~ Surge Storm-Driven Runup (1 of 5) 
SATELUTE 
ACCURACY :~OCEUnMETERS 
RES01.UT10N 10 BY 10 "-LOMETERS 
REPETITIOPI RATE 6 HOURS 
REPORT TUAJ; 3 HOURS AFTER READING 
FORMf;.T ANALOG 0;'; OIG1TAL GRID ru;.? DISPLAY; 
DISTRIBUTION REGIONAL {AREA AFFECTED] 
DUAATIDrI OF DATA GATHERING FERUANEP-oTTASK 
PERCEPlTA5E 
Cf.H.FfOENCE I ILt?ROVE~'tHT VARIA.-'ce CURRENT ESTIUATEO 
REQUIREMENT UNIT COST UNIT COST I FACTOR ! 1'OTALCOST [HARDWARE AND SUr?'ORTI IDOLLARS! FACTOi'! mOLLARS} PLUS UISUS 11-10; 1 CUANTITY , DOl.LARSI 
I N A I i SATELLITE • .soo.ooo NA ,. 15 I 7 I • ·a~;rSJ (SEASAT ALTIMETER) 
I I I , DATA DISTRIBUTION TX. AND RX Nt. NA 10 5 I 10 I 1 1 ~6_~~ !~ACI 16,t50 
SOFTWARE 2,500.'MOHTH N:A NA 5 5 • 6 M01llTriS ~5.ooo DEVELOPMENT COSTS 
I 
, 
LAUNCH COSTS 7.000.000 NA NA 15 ,. a • 
, 2ll.oooJlOO 
I . 
?ROGRAM PLANNING 920.623 PI,A NA 30 5 6 ".A I 9:<::J.62J COSTS • 
I 
I 
PERSONPIEL 2S1XYJ.'YEAR NIA NA 10 10 9 :2 MONTHS I 4.!67 
rrECHNlCALJ 1 YEAR , , 
, 
, i QATAi'ROCESSING 5MINlJrE.'OAY N'A r':A 30 30 6 I <33 , 2.161 " SYSTEM SOO/HOUR I , 
" 
PER OlEN! SO/DAY 'if A NA 5 5 9 I .. ! 3.000 
I I ! 
-----
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Table 4-6. User Requirement Cost Worksheet for Coastal Surge Storm-Driven Runup (2 of 5) 
? 
SATELLITE (CONrO) } 
~ IMPROVeMENT PERCENTAGE VARIANCE 
cuRRENT r CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR lOTALCOST 
(HARDWARE AND SUPPORT} (DOLLARSI FACTOR fDOLLARS' PLUS MINUS «1-101 QUANTITY (DOllARS) 
OVERHEAD AND 05 X PER- NfA NfA 15 5 • N,'A 
,_ 
ADMINISTRATIVE COSTS SONNEL COSTS 
STDN CaSTS 1.0401HOUR NfA NfA , 50 ,0 7 ,. I 18.7:20 ~--
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Table 4-6. User Requirement Cost Worksheet for Coastal Surge Storm-Driven Runup (3 of 5) 
AIRCRAFT 
ACCURACV' i 10 CENTIMETERS 
RESOLUTION 10 BY 10 KILOMETERS 
REPETITION RATE 6 HOURS 
REPORT TIME: 3 HOURS AFTER READING 
FORMAT: ANALOG OR DIGITAL GRID (MAP O1SPLAY) 
DISTRIBUTION: REGIONAL (AREA AFFECTED) 
DURATION OF DATA GATHERING: PERMANE ... TTASK 
IMPROVEMENT 
CURRENT 
AEQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI (DOLLARS) FACTOR (DOLLARS) 
AIRCRAFT 600,000 N/A N/A 
(LOCKHEED ELECTRA) 
NANOSECOND RADAR 75,000 N/A N/A 
ALTIMETER 
INERTIAL NAVIGATION 110,000 N/A N/A 
SYSTEM (LTN 51) 
, 
SATELLITE RECEIVER 10,000 N/A N/A 
(NAVSTAA) 
RADAR TRACKING 200,000 N/A N/A 
STATION IFPQ-Sl 
AUXILIARY EQUIPMENT i.5OO EACH N/A N/A 
!POWERUNIT 
INSTALLATION) 
DATA OISTRIBUTION TX AND RX N/A N/A 
IFACI 16,150 
SOFiWARE 12,000 N/A N/A 
OEVELOPME;NT COSTS 
_~~~~O _______ ~_ 
. ~.- --'~---
PERCENTAGE 
VARIANCE 
CONFIDENCE ESTIMATED 
FACTOR TOTAL COST 
PLUS MINUS 11-101 QUANTITY (COLLARS) 
10 10 8 1 8OO.DDD 
10 10 8 1 75.000 
5 5 10 1 110.000 
25 25 5 1 10.000 
5 5 8 J 600,000 
5 5 9 1 1,500 
10 5 10 1 16.150 I 
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Table 4-6. User Requirement CoSt Worksheet for Coastal Surge Storm-Driven Runup (4 of 5) 
F 
~.,~ 
0I>-
I 
c.o 
"" 
AIRCRAFT (CONrm 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI IDOLL.ARSI FACTOR IOOLLARS) 
FlIGHTTESi AND 535/HOUR NIA NIA 
EVALUATION 
mAINING l,l00/EACH NIA NIA 
12·WEEK COURSEI 
PERSONNEL DISPLACE- 2.5B5/PERSON NIA NIA 
MENTCOSTS 
PROGRAM PLANNING 30,955 NIl'. NIA 
COSTS 
FLIGHT PERSONNEL 30,OOOiYEAR NIA NIA 
(PILOTS) 
FLIGHT PERSONNEL 18,OOOlYEAR NIA NIA 
ICREWI 
PERSONNEL 25,OOO/YEAR NIA NIA 
(TECHNICAL) 
OFFICE RENT 7.89/FOOr NIA NIA 
(25 BY 25 FEET) 
-~'-- ~---~- .... ~~~:.,;,-. 
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MINUS fl· 101 OUANTITY 
15 15 1 25 
10 I. 1 1 
I. I. 9 , 
3. 5 6 NIA 
10 10 9 4 
10 I. 9 2 
I. I. 
" 
I 
I. I. 8 I 
_jL-___ . 11.-..-0;, ~~._.-__ • 
ESTIMATED 
TOTAL COST 
IDOLLARS) 
23.,375 
7.700 
I ..... 
3D.955 
120.000 
36.000 
. 
25.000 
4,932 
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Table 4-6. User Requirement Cost Worksheet for Coastal Surge Storm-Driven Runup (5 of 5) 
AIRCRAFT ICONTO) 
PERCENTAGf 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR TOTAL COST 
(HARDWARE AND SUPPORT1 IDOLLARS' FACTOR (DOLLARS) PLUS MINUS 
" 
10) I QUANTITY IDOUARS) 
DATA PROCESSING sootUOUA NtA NIA 15 IS • 21 10.500 SYSTEM 
PEA O1ErJl SOJDAY NIA NlA S S 9 9. 
.""" 
G&ACOSTS 0.5 X PER- NIA WA 15 S • WA 90.500 SONNEL COSTS 
AIRCRAFT OPERATING 535fHOUA NtA WA 10 10 8 832 ~5.110 
COSTS 
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4.5 USER REQUIREMENTS FOR STATIC WATER HEIGHT 
The user requirements for static water height in coastal marshlands, shoreline 
delineation, and identification a;re as follows: 
• Accuracy: ±5 centimeter 
• Resolution: ±lOO meters 
• Repetition rate: 24 hours (not critical) 
• Report time: 24 hours (not critical) 
• Format: Digital grid displayed on map of specific area of interest 
• Distribution: Local (state) 
• Duration of data gathering: 1 year 
This req'lirement can be more easily satisfied with the aid of an aircraftborne 
altimeter system than by a satelliteborne altimeter system (Figure 4-4) because 
of the relatively small dimensions of marshlands and because it would require 
many satellites to crisscross the entire swamp in lOO-meter increments. For 
estimation purposes, a typical marshland is assumed to measure 50 by 50 ldlo-
meters. Two Electra-type aircraft flying 500 kilometers per hour can each cover 
12,000 ldlometers in 25 hours of continuous flying and thus can traverse the 
necessary 25,000 ldlometers of swamp in the prescribed 24 hours. Each air-
craft must be continuously tracked by 3 all-weather radar tracking stations such 
that their positions are :Jlown to within :1:5 centimeters. Each station can be 
located to within:': 5 centimeters using the planned NAVSTAR navigation system. 
The Electra-type aircraft should be equippod with radar transponders to facil-
itate radar tracking. The present version of the NRL nanosecond radar, and 
the AAFE altimeter require improved precision by a factor of 2. The aircraft 
should fly straight lines perpendicular to the shore at altitudes below 6750 feet 
to present a radar spot size of less than 100 meters. The radar return should 
change in intensity as the aircraft passes from dry land to wet land because of 
the difference in the reflective properties of wet and dry land, which also vary 
depending on surface wind conditions. Thus, the shoreline crossing can be 
4-;:14 
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detected. Once over wet land, the range is recorded for each 100-meter cell. 
The aircraft is kept on course to within ±100 meters with the aid of a NAVSTAR 
inertial navigation system updated at the beginning of each pass across the 
marshland. Data recorded can be stored on the aircraft and malled to a central 
computing facility for batch processing. Digital maps may be prepared on a 
CaiComp plotter and subsequently malled to users. 
The cost of the airborne system described is estimated to be $15,730,276 for 
the 1-year operation required. Detailed cost information is presented in 
Tables 4-7 and 4-8. 
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Table 4-7, User Requirement Cost Summary for Statio Water Hoight 
in Coastal MarshlandsR 
PLATFORM COST IDOLLARSI 
TYPE OF COST 
SATELLITE AIRCRAFT 
NONRECURRINO: 
INITIAL ACQUISITION IEXISTING HARDWAREI 4.636,000 
IMPROVEMENT 37,600 
SOFTWARE DEVELOPMENT 16,000 
LAUNCH 
REPAIR PARTS {OPERATINGI 100,685 
INSTALLATION, FLIGHT TEST AND EVALUATION 90,126 
INITIAL TRAINING {PER DIEM, TRANSPORTATION, ETC,I 21,000 
TEST/MAINTENANCE EQUIPMENT 
PERSONNEL OISPLACEMENT 9,287 
LAND AND BUILDING PURCHASE N/A 
PROGRAM PLANNING 97,21B 
TOTAL NONRECURRING COSTS 4,967,416 
ANNUAL RECURRING, 
OPERATING 
PERSON~El 636,000 
RENT/LEASING {OFFICE SPACE, BUILDINGS, ETC,; 
INCLUDES UTILITIES} B,312 
DATA PROCESSING lB2,500 
TRANSPORTATION N/A 
PER DIEM 401,600 
RETRAINING 110 PERCENT ANNUAL TURNOVERI N/A 
OVERHEAD AND ADMINISTRATIVE 267,600 
DATA DiSTRIBUTION 1,636 
MAINTENANCE 
FACILITIES (LABOR MATERIAL. ETC •• INCLUDED 
IN RENTI 
FLIGHT HOUR IAIRCRAFTI 9,373,200 
SATELLITE REPLACEMENT N/A 
TRACKING AND STATIONKEEPING N/A 
REPAIR PARTS {REPLENISHMENTI N/A 
TOTAL ANNUAL RECURRING COSTS 1.768,647 
TOTAL CosTS FOR 11 } YEAR' $ 6,736,063 
°LIFE.CYCLE COSTS 
LCC" NRC+ t ARC 
WHERE Lce R LIFE·CYCLE COSTS 
NRC II NONRECURRING COSTS 
ARC .. ANNUAL RECURRING COSTS (N .. NUMBER llFEoCVCLE YEARSI 
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Table 4-8. User Requirement Cost Worksheet for Static Water Height in Coastal Marshlands (1 of 3) 
o=~ 
.. 
I 
'" CD
~- .... -. 
ACCURACY ~5 CENTIMETERS 
RESOLUTION +l00METERS 
REPETITION RATE 24 HOURS (NOT CRITICAU 
REPORT TIME 24 HOURS (NOT CRITICAL) 
FORMAT DIGITAL GRID DISPLAYED ON MAP OF SPECIFIC AREA OF INTEREST 
DISTRIBlITlDN LOCAL (STATE) 
OURATIONOF DATA GATHERING 1 YEAR 
PERCerlTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
REilUIREMENT UNIT COST UNIT COST FACTOR 
(HARDWARE AND SUPPORTI !DOLLARS! FACTOR (DOLLARS) PLUS MINUS i1 . 10) 
AIRCRAFT 600,000 NIA t~IA 10 10 8 
(LOCKHEED ELECTRA' 
NANOSECOND RADAR 75,000 2 82.sro 20 2. 7 
ALTIMETER 
INERTIAL NAVIGATION 110.000 NIA NiA S S I. 
SYSTEM 
i-
RADAR THACKING 200.0u0 NIA NfA S S 8 
STATION (FPQ-6J 
AUXILIARY EQUIPMENT I.sooEACH NIA NfA S S 9 
(POWER UNITS) 
CAR PIJRCHASE 4000!CAR NIA NIA I. I. 9 
SOFTWARE 2.500lMONTH NIA NJA 5 S 8 
DEVELOPMENT COSTS 
INSTALLATION. SJ5fHOUR NfA N/A I. I. S 
FLIGHT TEST. AND 
eVALUATION 
-I '------~ 
--- - -
~-
-
~ ___ " ___ < __ • ___ ._~ __ ~ ___ .~ ___ ~~~0 __ 00 
-.---,-j,--,-... ~.,.,---~-.-- -
ESTIMATED 
mTALCOST 
OUANTITY [DOLLARSl 
, 
s 3.000.000 
s 412,SOO 
s 5=0..000 
3 6JO.oOO 
2 "_ 
2 8JlOO 
i 6 tSJlOO ! 
;S 90.1:5 
I 
-
I 
-----
. , 
----'-"---~ 
00 
"';0 
"\35 0-
0 2 ;tJ~ 
.0"\3 
C:p 
:pC) 
,1t1 
~iQ 
" 
I 
._~, .. =" -•. • J 
.,:;-'~~:~~~~.. ---
""" 
I 
c.> 
CD 
L~. 
.--~--~--~~-
--~,---------.......- - ----- -- ---- ---- -----~ ., 
Table 4-8. User Requirement Cost Worksheet br Static Water Height in Coastal Marshlands (2 of 3) 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI (DOLLARSI FACTOR (DOLLARSI 
TRAINING SQEACH NIA NfA 
12-WEEK COURSE) 
PERSONNEL 2.5851 NfA NIA 
DISPLACEMENT PERSONNEL 
COSTS 
PROGRAM 91.,219 NIl; NIA 
PLANNING COSTS 
FLIGHT PERSONNEL JO.oooNEAR NIA N1A 
WI LOTS) 
FLIGHT PERSONNEL lB.OOOIYEAR NIA NTA 
ICREW) 
PEASONNEL 25.DOO/YEAR NIA NfA 
mCHNICALI 
PERSONNEL lO.OOOIYEAR NIA N/A 
(ADMINISTRATIVE) 
OFFICE RENT 7B9 FEcr2J NIA NIA 
(40 BY 20 FEET) YEAR 
-----.--._-~-'" 
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MIf·lUS 0- 10) 
.0 '0 7 
'0 .0 9 
30 5 6 
•• ID 9 
I. I. 9 
I. •• 9 
.0 10 9 
I. 10 8 
I 
_" ,_.lL \::l __ _ 
ESTIMATED 
TOTAL COST 
OUANTITY IDOLLARS) 
420 2lJlOO 
20 51,700 
NIA 97.219 
10 :mo.ooo 
5 
90_ 
5 125.000 
2 
20_ 
SOD 6,312 
~-
00 
"'11;0 
-oj;; 
0-OZ ;o~ 
.0-0 
C):> 
»~ 
.1'<1 
:.!m 
I 
.' I 
'. rn" # ;,.,,~ 
~:~--- - ~- - -- - ~-. '-----..---- - - --- --~ 
" 
Table 4-8. User Requirement Cost Worksheet for Static Water Height in Coastal Marshlands (3 of 3) 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNITCOST 
(HARDWARE AnD SUPPORT) {DOLLARS' FACTOR (DOLLARS' 
DATA PROCESSING SOOIHOUR NfA NfA 
SYSTEM 
PER DIEM SOJOAY NfA NfA 
OVERHEAD AND Q.5X PER- NfA NfA 
ADMINISTRATIVE COSTS SONNEL COSTS 
"' 
DATA DISTRIBUTION 1.12/POUNO NfA NfA 
J,. [MAIL) 
o 
AIRCRAFT OPERATING 535/HQUR NfA NfA 
COSTS 
L .... , -~~. -----------,------~ 
PERCENTAGE 
VARIANCE CONFIDENCE 
FACTOR 
PLUS MINUS 11-101 
IS IS 8 
5 5 9 
IS S 8 
30 0 9 
I 
10 10 
-I 8 
,---'IL·_.·-~ ___ ,~'_' __ ,_· ..... ~_ -_ 
EsnMATEO 
TOTAL COST 
QUANTITY (OOLLARS) 
3SS 182.soo 
12.715 638.750 
NfA 267,500 
1.4011 1,6l5 
17,520 9,373,200 
. 
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4. G USER REQUIREMENTS FOR MEASURING RIVER OUTFLOW PATTERNS 
The user requirements for measuring outflow patterns of major rivers are 
as follows: 
• Accuracy::l:5 centimeters 
• Resolution: 100 by 100 meters 
• Repetition rate: 12 hours 
• Report time: 12 hours 
• Format: Analog profile aoross speolfio seotions 
Digital tapes 
Digital grid displayed on maps of speoifio areas 
Height oontours on maps of speolfio areas 
• Oistribution: Looal 
= Duration of data gathering: Permanent task 
A system employing an airborne radar altimeter alone cannot satisfy this 
requirement. If, however, it is complemented by an infrared scanner, or 
a visible imager, a significant amount of information about the outflow patterns 
of major rivers can be provided. The altimeter can measure both changes in 
the height of water and the stream velocity via range measurements and applica-
tion of the theory of geostrophic flow. The infrared scanner or the imager can 
gl ve data on the spatial extent of the river water as it enters a bay or ocean 
by either delineating temperature differences or differences in turbidity. 
However, in this case (±5-centlmeter altimeter accuracy requirement) the stream 
velocity cannot be measured because the change in stream height due to the 
corioUs force- is only about 2 centimeters for a typical river 1 kilometer wide, 
flowing at a rate of 6 tn 8 knots. Nevertheless, height profiles for specific 
areas of the river can be readily obtained. The radar altimeter should be 
mounted on an Electra-type aircraft and flown repeatedly across the river at 
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intervals ef 100 meters (Figure 4-5). An inertial navigation system updated 
by NAViX'!'"R is needed to position the aireraft horl1.ontally. LacaUon of the 
aircraft vertical poSition to'withln i5 centimeters In all kinds of weather can 
be obtained from continuous tracking with the aid of three FPQ-6 type trncldng 
radars located by NAVSTAR and an airborne transponder. On completion of 
each flight, altimeter and imager data oan be taken to a local processing cen-
ter and processed in a few minutes and conteur maps ef outflow prepared. The 
maps can be transmitted via a facsimile device to users. 
The ()stlmated cest for such a system over a 10-year period Is $26,1'/0,119. 
Detailed cost Information Is presented in Tables 4-9 and 4-10. 
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Table 4-9. User Requirement Cost Summary for Measuring River Outflow Patlernsa 
TYPE OF COST 
NONRECURRING 
INITIAL ACOUISITION IEXISTING HAROWAREI 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
LAUNCH 
REPAIR PARTS IOPE:~ATINGI 
INSTALLATION, FLIGHT TEST AND EVALUATION 
INITIAL TRAINING IPER DIEM, TRANSPORTATION, ETC,' 
TEST/MAINTENANCE eQUIPMENT 
PERSONNEL DISPLACEMENT 
LAND AND DUI LOING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRING· 
OPERATING 
PERSONNEL 
RENT/LEASING (OFFICE SPACE, BUILDINGS, ETC.; 
INCLUDES UTILITIESI 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERCENT ANNUAL TURNOVERI 
OVERHEAD AND AOMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
FACILITIES (LABOR MATERIAL. Erc., INCLUDED 
IN RENTI 
FLIGHT HOUR (AIRCRAFT) 
SATELLITE REPLACEMENT 
TRACKING ANO STATIONKEEPING 
REPAIR PARTS IREPL,ENISHMENn 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR (10( YEARS· $ 
°LIFE·CYCLE COSTS 
WHERE 
N 
LCC" NRC + I: At".' 
N·l 
LCC .. LIFE·CYCLE COSTS 
NRC .. NONRECURRING COSTS 
PLATFOHM COST IDOLLARSI 
SATELLITE AIRCRAFT 
. 
2,307.650 
N/A 
20,000 
N/A 
90.135 
36.050 
8,000 
38,620 
23.266 
N/A 
60,490 
2,676.019 
216,000 
6,312 
30,600 
N/A 
N/A 
880 
108,000 
N/A 
1,952,750 
N/A 
N/A 
45.068 
2.359.510 
26,170.119 
ARC .. ANNUAL RECURRING COSTS IN II NUMBER LIFE·CYCLE YEARS) 
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Table 4-10. User Requirem.~nt Cost Worksheet for Measuring River Outflow Patterns (1 of 3) 
ACCURACY :5 CENTIMETERS 
RESOLUTION 100 BY 100 METEI1S 
RE:"ET'T,ON RATE 12 HOURS 
REPORT T'ME 12 HOURS 
FORMAT ANALOG PROFILE ACRQSS SPECIFIC STATlON5. DIGITAL TAPES. GRID O~PLAYS. HEIGHTCOP.70t:RS 
DISTRfBUTIOtl LOCAL 
DURATlQNOF DATA GATHERING PERMANENTTASlI. 
PERCEfITAGE I C'J'oFlOE"CE I IMPROV~MEUT VARIANCE CU':" RElIT ESTIf.lATEO 
REQUIREMElrr UNJTCOST UWTCDST j FACTCR mTALCOST 
IHARDWARE AND SUPPORTI rCOLLARSI FACTOR 'DOLLARSJ PLUS Ml,.US ! (1- '0, C;UAATJTY ID01..LAR$i 
I 
, I I I AIRCRAFT I fLOCKHEED ELECTRA! 600,000 N~A '.:1. 10 '0 • • 2 lZlC.ooo I 
! 
, I I UANQSECOND RADAR i ALTIMETER 75.DOO 2 62.500 10 10 ! • 2 I !15.ooo 
I I ! INERTIAL NAVIGATION I ! SYSTEM fL TN-51) 110.000 Nit. NA 5 5 ; " 2 220.DOO , I 
! i , , 
SATELUTE RECEivER 
! (NAV5TARI 10.DOO tI·A '~'A 
"" "" 
5 2 2!)..::co 
t 1 i 
RADAR TRACKING I I STATIOII 'FPQ-6J 2OO.DOO "..A N,'A 5 5 i • ,! 3 500.000 , 
, , 
DATA DISTRIBUTION 
: 1 2 
! 
(FAC) B.D75 EACH NJA iliA 5 5 9 I !6.!~ , 
AUXILIARY EQUIPMENT I I (POWERUpun l.500E.!'.CH NlA WA 5 5 9 , ~.=oo , 
I ;' INFRARED UNE I I SCAWlER 5Of'~EACJ-I- NfA WA 25 25 6 2 i 100.000 , 
-.. ~-........ : .. 
__ __ )..,0.., 
___ u ..... _. __ · ____ --
00 
"71;0 
-05 0-
0 2 ::oF: 
g~ 
~Q 
rr-J 
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Table 4-10. User Requirement Cost Worksheet for Measuring River Outflow Patterns (2 of 3) 
.... -
o!> 
I 
o!> 
C) 
L.~ 
PERCENTAGE 
IMPRCVEMEllT VARIANCE 
CURRENT CONFIDENCE 
~EaUIREMENT UNIT COST UNIT COST FACTOR 
(HARDWARE AND SUPPORT) (OOLLARS) FACTOR (DOLLARS) PLUS MINUS n -10) 
SOFTWARE 
• 
DEVELOPMENT 
I COSTS 2.SC'O/MONTH NfA NfA 10 10 7 
INSTALLATION. 
FliGHTTEST.AND 
EVALUATION 535/1-10UR NfA NfA 15 IS 7 
TRAINING 12·WEEK 
COUASE) 1,100 EACH NfA NfA 10 ,. 7 
PERSONNEL 
DISPLACEMENT • COSTS 2.5BS/PERSON NfA NfA 10 10 9 
PROGRAM PLANNING 
COSTS 50.490 NfA NfA 30 5 6 
rLIGHT PERSONNEL 
(PILOTS) JO,OOO,YEAR NfA NfA 10 10 9 
t:IGHT PERSONNEL 
. ':Hew) 18.000NEAR NfA NfA 10 10 9 
PERSONNEL 
(TeCHNICAL) 25,OOOfYEAR NfA NfA 10 10 9 
_.c., ~ __ ~ __ ;C-..... __ ~~ •• ______ -~_~_~ 
• __ '-...:_.-............. • ___ .c ______ , _____ ~_ I'~......, ___ . ______ "'---
ESTIMATED 
TOTAL COST 
QUANTITY (DOLLARS) 
• 20.000 
30 :l6.Q50 
• ..200 
23.sGS 
NfA 50.490 
4 120.000 
2 36.000 
2 50.000 
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Table 4-10. User Requirement Cost Worksheet for Measuring River Outflow Patterns (3 Df 3) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
nECUIREMENT UNITOST UNIT COST FACTOR lOTALCOST 
IHAROWARE AND SUPPORT! :OOLLARS} FACTOR (DOLLARS) PLUS MINUS 11 10~ aUANTITY (DOLLARS) 
PERSONNEL 
(ADMINISTRATivE) lO.OOONEAR N/A N/A 10 10 9 1 10,000 
OFFICE RENT 
7.89 FEE,-2, 140 BY 20 FEET} N/A N/A 10 ~O 8 800 6,312 
YF..AR 
DATA PROCESSING 
,I 
SYSTEM SOOIHOUR N/A NIA IS IS 4 61 30.500 
OVERHEAD AND 
ADMINISTRATive 0.5 x PER- N/A NIA IS S 8 N:A 103.000 
COSTS SONNEL COSTS 
AIRCRAFT 
OPERATING COSTS 535fHQUR NJA N,A 10 10 8 3.650 1,952.150 
L I 
-
L 
----- '- - --- -- -
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4.7 USER REQumEMENTS FOR BEACH MONITORING AND WAVE 
FORECASTING 
The user requirements for beach monitoring, wave climate maps, update of wave 
refraction maps, Dnd improved wave height hind cast and forecast are as follows: 
• Accuracy: :I:l. 0 centimeters 
• Resolution: 0.5 by 0.5 kllometer 
• 
• 
• 
Repetition rate: 24 hours 
Format: Digital grid on maps; geographic coverage for all U. S 
coast; length of recordkeeping; permanent record must 
include catastrophic and unusual events (hurricane, etc.) 
Report time: Unspecified, analog profile sections needed for beach 
monitoring (in addition to above) 
• Distribution: Local/regional, speclflc areas 
:'i Duration of data gathering: Permanent task 
This task can only be partially Satisfied by an aircraftborne radar altimeter 
system (Figure 4-6). Only seastate (wave height) data can be gathered directly 
from altimeter readings. (If a radar scatterometer can be employed to sense 
the wind diraction at the sea surface and if no swell is present, wave height may 
be related to wave length and a one-dimensional wave spectra may be obtained 
from the altimeter data.) Wave refraction patterns can only be obtained from 
a wave directional spectrometer-type instrument or with an imaging radar. 
Three Electra-type aircraft, for segments of the Atlantic, PacifIc, and Gulf 
coasts, equipped with an improved version of the NRL nanosecond radar, can 
provide daily measurements of seastate along the coastal regions of interest. 
These aircraft have a range in excess of 3000 miles and can therefore follow 
mea.!lderings of the coastline for considerable distances. Flight speed should 
be over 400 miles per hour so that flight time will be less than 7 hours to permit 
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turnaround of the aircraft for the next day's flight. Flight altitude should be 
about 20,000 feet. The radar spot size should be 300 meters and an integration 
Interval of 1 second for measurements should be used. A vertical acceler-
ometer Is needed to record aircraft motions during this time. Traveling at 
300 miles per hou;,. the aircraft will cover about 125. meters in 1 second and 
thus overlap of successive regions will not occur. The radar system should be 
equipped with a maxirnum-likelllJOod processor to comput.e seastate and decrease 
the amount of data recorded. The aircraft flying along the coast can use a 
NAVSTAR receiver to update their inertial navigation system to keep their posi-
tion known to within to. 5 kilometer. Except when required for forecast pur-
poses, data can be mailed to a central data processing facility (such as at NOAA 
in Silver Spring, Maryland) and processed and used in NOAA wave height hind-
cast and forecast models. Specific users can also receive data for their indi-
vidual regions through the mail. 
Over a 10-year period, it is estimated that such a system will cost $54,851,623. 
Detailed cost information is presented in Tables 4-11 and 4-12. 
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Table 4-11, User Requirement Cost Summary for Beach Monitoring 
and Wave Foreoastln~ 
TYPE OF COST 
NONRECURRING 
INITIAL ACQUISlTlON IEXISTING HARDWAREI 
IMPROVEMENT 
SOFTWARE DEVELOPMENT 
LAUNCH 
REPAIR PARTS IOPERATINGI 
INSTALLATION, FLIGHT TeST AND eVALUATION 
INlTlAL TRAINING IPER DIEM, TRANSPORTATION, ETC.I 
TEST/MAINTENANCE EQUIPMENT 
PERSONNEL DISPLACEMENT 
LAND AND BUI LDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRING: 
OPERATING 
PERSONNEL 
RENT/LEASING IOFFICE SPACE, BUILDINGS, ETC., 
INCLUDES UTILITIESI 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERCENT ANNUAL TUR~OVERI 
OVERHEAD AND ADMINISTRATIVE 
DATA DISTRI8UTION 
MAINTENANCE 
FACILITIES ILABOR MATERIAL. ETC .• INCLUDED 
IN RENTI 
FLIGHT HOUR IAIRCRAFT! 
SATELLITE REPLACEMENT 
TRACKING AND STATIONKEEPING 
REPAIR PARTS IREPLENISHMENTI 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR 1101 YEARS' $ 
°lIFE.CYCLE COSTS 
WHERE 
N 
Lee· NRC + '2: ARC 
N'1 
Lee .. LlFE·CYCLE COSTS 
NRC .. NONRECURRING COSTS 
PLATFORM COST iOOLLAnsl 
SATELLITE AIRCRAFT 
3.rn17,600 
2:.!,600 
20,000 
N/A 
92,400 
68,470 
22,000 
39,500 
51,700 
N/A 
68,083 
3,482,263 
535,000 
14,794 
60,833 
N/A 
108,000 
2,200 
267,500 
1,636 
4,100,776 
N/A 
N/A 
46,200 
5,136,937 
54,851,623 
ARC II ANNUAL RECURRING COSTS IN .. NUMBER LIFE·CYCLE YEARS) 
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Table 4-12. User Requirement Cost Worksheet for Beach MOuitoring and Wave Forecasting (1 of 3) 
ACCURACY' :tl0 CENTIMETERS 
RESOLUTION 05 BY 05 KILOMETER 
REPETITION RATE: 24 HOURS 
REPOAT TIME: UNSPEcr':l ED 
FORMAT' DIGITAL GRID ON MAPS (ALL u.s. COAST) PERMANENTAECORO OF CATASTROPHIC AND UNUSUAL EVENTS 
DISTRIBUTION: SPECIFIED AREAS (LOCAL. REGIONAL) 
DURATION OF DATA GATHERING: PERMANENT TASK 
PERCEN(AGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
REQUIREMENT UNIT COST UNIT COST FACTOR 
(HARDWARE AND SUPPORT) (DOLLARS' FACTOR (DOLLARS) PLUS MINUS 11- to) 
AIRCRAFT 600,000 N/A N/A I. 10 • {LOCKHEED ELECTRAI 
NANOSECOND RADAR 75.000 5 82,500 2S 2S S 
ANTENNA 
INERTIAL NAVIGATION 110,000 N/A N/A S S I. 
SYSTEM (LTN·511 
VERTICAL 10.000 N/A N/A I. I. 7 
ACCELEROMETEA 
SATELLITE AECEIVER 10,000 N/A N/A 2S 2S S 
INAVSTARJ 
MAXIMUM LIKELIHOOD 25,000 N/A N/A IS IS 7 
PROCESSOR 
AWCILIARY EQUIPMENT 1,500 EACH N/A N/A S S • (POWER UNITS) 
SCATTEROMETER WAVE 200,000 N/A N/A 25 25 S 
SPECTROMETeR 
_~____ . __ -"""'i. __ \ ____ _ 11-_"- __ ~. ________ , 
OUANTITY 
3 
3 
3 
3 
3 
3 
5 
3 
" 
ESTIMATED 
lOTALCOST 
(DOLLARS) 
1,800.000 
247.soo 
330,000 
30,000 
. 
3.,000 
75,000 
7.sDO 
600.000 
00 
"1I:;U 
-015 Oz 
0:;. 
::0 .... 
.0-:1 
c!!> 
:;:.:::') 
r i.~ 
~~ 
: 
__ ~_~_~-'l __ ~ ;a~" ....... ,~ 
JI""'X,;" ',:::-::-' -~~-
~---..-..,..~-~- ---- --- - ---_._- ., r-
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Table 4-12. User Requirement Cost Worksheet for Beach Monitoring and Wave Forecasting (2 of 3) 
~ 
I 
01 
c.:> 
,-,~-. 
AFOUIREMENT 
IHARDW"RE AND SUPPORT} 
SOt r:OJ/IlE 
DEveLOPMENT 
INSTALLATION, 
FLIGHTTEST. AND 
EVALUATION 
mAINING 
12·WEEK COURSE) 
PERSONNEL 
QISPLACEMENTCOSTS 
PROGRAM PLANNING 
FLIGHT pERSONNEL 
(PILOTSI 
FLIGHT PERSONNEL 
(CREW) 
PERSONNEL 
(TECHNICALI 
- - -
IMPROVEMENT 
CW1RENT 
UNIT COST UNIT COST 
IDOLLARSI FACTOR (DOLLARSI 
2.SOOIMDNTH NfA N'A 
5l5fHOUR NfA NlA 
1.100lPERSON NfA NfA 
2.585lPERSON NfA tHA 
68,083 NfA NfA 
JO,OOOIYEAR NfA NfA 
18.000lYEAR NfA NfA 
25.1JOOIYEAR N/A NfA 
- -
------
~. 
PERCENTAGE 
VARIANCE 
CONFIDENCE I ESnMATED 
FACTOR TUT.a.t.COST 
PLUS MINUS 11 101 QUANTITY (DOLLARS) 
,0 
'0 7 8 
,0 '0 8 42 
,0 '0 8 20 
'0 '0 9 20 
30 5 6 NfA 
'0 '0 9 ,0 
,0 '0 9 5 
,0 '0 9 5 
_. 
,.ii. __ .,_~ ___ "~-
20.000 
58,470 
22.000 
51.700 
68_ 
:100.000 
90.000 
125.000 
- -- -
., 
00 
">'1:0 
"tlG> 0-OS 
::Or 
.0." c"'" l>G> 
rl7l 
~a 
"-I 
--~.- ._Ij~ . .-..~ ~,,- ritr?"" 
~-~-~--
-----~---\-...;. ... -
., 
l~ 
L~L. 
Table 4-12. User Requirement Cost Worksheet for Beach Monitoring and Wave Forecasting (3 of 3) 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORTI (DOLLARS) FACTOR [DOLLARS) 
PERSONNEL 10,OOOIYEAR NfA NfA 
(ADMINISTRATIVE) 
OFFICE RENT 7.89 FEa2, NfA NfA 
(3QFFICES) YEAR 
DATA PROCESS1NG SOD/HOUR NfA NfA 
SYSTEM 
PERCENTAGE 
VARIA.jCE 
CONFIDENCE 
FACTOR 
PLUS MINUS 11-10] 
'0 '0 9 
'0 '0 8 
15 
" 
4 
QUANTITY 
2 
'.B7S 
122 
ESTIMATED 
TOTAL COST 
IDOLl.ARS! 
20.000 
14.794 
SO.B33 00 
"':;0 
PER DIEM SOIDAY NfA NfA , , 9 2.160 '08.000 
"tiC' 0:2 ~ I PER DIEM I 'OIDAY NfA I NfA , , 9 I 2.'" ' .  g f: ~ I D"tI 
OVERHEAD AND 2S7,soo NfA NfA 
" 
, 
ADMINISTRATIVE 
COSTS 
DATA DISTRIBUTION 1.12/POUNO NfA NfA 30 0 
CMA1U 
AIRCRAFT OPERATING 5J5fHOUR NfA NfA '0 '0 
COSTS 
<.-1-'---
.. I. "_."'~_ 
8 NfA 
9 1.460 
8 7.66S 
" 
257,500 
,-
4.100,775 
I 
C> 
"'''' r-:'t'i': ~ t";i 
j 
~_·c_~ ,_J 
I 
i 
! 
I 
, 
l · .... '~---'--
4.8 USER REQUIREMEN'l'S FOR TSUNAMI WARNING 
The user requirements for tsunami warning are as follows: 
• Accuracy::!:10 centimeters 
• Resolution: 10 by 10 Idlometers 
~ Repetition rate: 4 hours 
• Report time: 2 hours 
• Format: Digltal tape; wave location map 
• Distribution: International 
• Durntion of data gatherlng: Permanent task 
Six polar orbltlng satellltes separated In ascending node by 4 hours can satisfy 
thIs requirement. The spacecra!i must be tracked to within:!: 10 centimeters 
using tracldng stations positioned by the proposed NAVSTAR system. Tsunamis, 
in the Pacific (the principal area of occurrence) arise from earthquakes taldng 
place In the very active ring of fire surrounding the Pacific Ocean. As a result, 
the waves can be traveling in all compass directions, which imposes a require-
ment of at least six more satellites with nonpolar inclination. The waves are 
thought to have amplitudes on the order of 50 centimeters or less in midocean, 
so the SEASAT-A altimeter should be c:lpable of detecting them. As the satel-
lites traverse the Pacific, they can constantly measure the range to the sur-
face. Altimeter and tracldng data should be relayed via satellite to the tsunami 
warnlng center for processlng (Figure 4-7(a». Data on tides and geoidal un-
dulntions, storm surges, and so forth, in the suspected area are required also 
for input lnto the data processlng programs. When a tsunami is detected, the 
warnlng can be sent In the usual manner. 
An alternative to the satellite system is one employlng an aircraftborne altim-
eter (Figure 4-7(b». Either the NRL nanosecond radar or the AAFE altimeter 
can meet the precision requirements. Because tsunamis travel over 500 miles 
per hour the open sea, an SR-71 class aircraft capable of traveling 500 to 
2000 miles per hour is required. At 500 miles per hour, a tsunami can reach 
4-55 
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Hawaii from Alaska in 7 hours or less. The nireraft must be tracked suoh that 
its vertioal position Is known to \vithln ±10 oentimeters. Even the ourrently 
planned NAVSTAR system, augmented by an airborne aooelerometer, wUl 
not be able to determine the vertioal pos1tion to better than n few meters. Thus, 
a more advanoed nnvlgntion system must be developed. Altimeter ond position 
dntu should be telemetercd vin n sntelUte I1nk to the tsunami wnrning center for 
prooessiug. As with the sntellite system tides, gcoidnl undulations and mete-
orologioal fnotors must be no counted for. Onoe n tsunnmi hns been detected, 
an alert can be sounded using the existing wnrnlng system. 
The estimated 10-yenr costs for the sntelUteborne system is $278,380,837 
nnd $503,063,935 for the nirborne system. Detniled cost Informntion is pre-
sented In Tables 4-13 and 4-14. 
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Figure 4-7. Tsunami Warning--Satellites and Aircraft 
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Table 4-13, a User Requirement Cost Summary for Tsunami Warning 
TYPE OF COST 
NONAECUAAIN:l: 
I~ITIAL ACQUISITIQN IEXISTING HAROWAREI 
IMPROVEMENT 
SOFTWARE OEVELOPMENT 
LAUNCH 
REPAIR PARTS IOPERATINGI 
INSTALLATION, FLIGliT TEST ANO EVALUATION 
INITIAL TRAINING IPER OIEM, TRANSPORTATION, ETC,) 
TEST/MAINTENANCE EQUIPMENT 
PERSONNEL OISPLACEMENT 
LAND ANO BUILDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONAECUARING COSTS 
ANNUAL RECURRING, 
OPERATING 
PERSONNEL 
RENT/lEASING IOFFICE SPACE, BUILDINGS, ETC.; 
INCLUDES UTILITIES) 
OATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERCENT ANrJUAL TURNOVER) 
OVERHEAO AND ADMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
FACILITIES ILABOR MATERIAL, ETC" INCLUDED 
IN RENT! 
FLIGHT HOUR IAIRCRAFT! 
SATELLITE REPLACEMENT 
"RACKING AND STATIONKEEPING 
REPAIR PARTS :AEPLENISKMENTI 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR 1101 YEARS· $ 
8LIFE·CYCLE COSTS 
WHERE 
N 
LCC-NRC+ ~ ARC 
N·l 
Lec • LIFE·CYctE COSTS 
NRC • NONAECUHRING COSTS 
PLATFORM COST IOOLLARSI 
SATELLITE AIRCRAFT 
, 
27,000,000 105,000 
N/A 600,000,000 
GO,OOO 60,000 
42,000,000 NtA 
NtA 7,360 
N/A 45,000 
N/A 2,200 
N/A 3.150 
2,585 2,585 
NtA N/A 
1.381,262 10,026,000 
70,443,B37 610,260,2B5 
26,000 6&,000 
NtA N/A 
25,000 6,000 
N/A N/A 
NtA N/A 
N/A 220 
12,500 32,500 
NtA NtA 
N/A 175,000 
20,700,000 N/A 
31,200 N/A 
N/A 3,645 
20,793,700 2Bl.~65 
27B,380,B37 513,063,935 
ARC ANNUAL RECURRING COSTS IN • NUMBER LIFe·CYCLE YEARS) 
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Table 4-14. User Hequirement Cost Worksheet for Tsunami Warning (1 of 5) 
SATELLITE 
ACCURACY: ~10 CENTIMETERS 
RESOLUTION: 10 BY 10 XILOMETERS 
REPETITION RATE' 4 HOURS 
REPORT TIME- '2 HOURS 
iORMAT' DIGITAL TAPE; WAVE LOCATION MAP 
OIS .... dIBUTlON: INTERNATIONAL 
DURATION OF DATA GATHERING: PERMANENT TASK 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST ur~ITCOST 
'HARDWARE ANO SUPPORTI (COLLARS) FACTOR rDOLLARS} 
SATELLITE (SEA-'iAT 4,500,000 NfA NfA 
ALTIMETER) 
PERCENTAGE 
VAR1ANf:e 
CONFIDENCE ESTlMATED 
FACTOR lOTALCOST 
PLUS MINUS (1-10) QUANTITY IDOLLARSI 
50 so 1 6 '27.000.000 
I 
I 0-en I Ul:;vt:.l,.urMC:N I _ ~ ~ ~~ 
SOFTWARE JO.oooNEAA NfA NfA 
, 
10 10 5 2 60))00 
DEVELOPME T 
LAUNCH COSTS 7,000,000 NfA NlA 15 15 
PERSONNEL 2.58S/PERSON NfA NfA 10 10 
DISPLACEMENT COSTS 
PROGRAM PLANNING 1;381,252 NfA NfA 30 5 
COSTS 
PERSONNEL 25.000lYEAR NfA NfA 10 10 
{OECHNICAL) 
DATA PROCESSING 500/HOUR NfA NfA 15 15 
OVERhEAO AND 0.5 X PER- NfA NfA ,. 5 L ADM!Nl~ATIVE SONNEL COSTS 
ccsrn 
----, 
S 6 
9 , 
6 NfA 
9 1 
S I so 
S NfA 
42,000,000 
2.sa5 
. 
1,381,252 
25.000 
I 
25~OO i 
12.500 
"f)ffi 
.~ ;:; 
Ci .. ~ 
~ ~ 
V-' r-' 
t'2~ 
~ t~ r- • 
~. ~ 
-< --
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Table 4-14. User Requirement Cost Worksheet for Tsunami Warning (2 of 5) ". .~ 
SATELLITE (CONTOI 
IMPROVE.,-,ENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
IHARDWARE AND SUPPORTI IDOLLARS) FACTOR (DOLLARS) 
SATELLITE TRACKING 1040/HOUA NfA WA 
I 
i 
I 
i 
, 
-
I I 
"' 
~~. 
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MINUS (1-101 QUANTITY 
50 20 7 30 
I 
.,~"-' __ .J" 
ESTIMATED 
TOTAL COST 
(oOLLARSI 
31.200 
• 
. 
" 
-'-"-" 
00 
"rt::ll 
-05 0-
OZ 
::oF 
10"0 
c:r;. 
l:> G) 
r- 1".1 
~{q 
____ .lia_ .. ,cr· 
,....---~---"-­
lilf:::r 
~~ 
L",,_, 
>l'-
I 
'" ..... 
_r ___ .-:",,-~ i!', -'r::---:---" 
--~-,~ -~--- , 
Table 4-14. User Requirement Cost Worksheet for Tsunami Warning (3 of 5) 
AIRCRAFT 
ACCURACY: :.10 CENTIMETERS 
RESOLUTION 10!:lY 10 KILOMETERS 
fler>ETITION RATE: 4 HOURS 
hePOAT TIME: 2 HOURS 
FORMAT: DIGITAL TAPE;WAve LOCATION MAP 
OIS'l'RIBUTION: INT';RNAT10NAL 
DURATION OF OATA GATHERING: PERMANENT TASK 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
IHAROWARE AND SUPPORT) IOOLLARS) FACTOR IDOLLARSI 
AIRCRAFT IF_14}8 
NANOSECOND RADAR 75,000 NfA NIA 
ALTIMETER 
(MPROVED GPSS 15.000.0001 30 1,25.000.000 
TRACKING LAUNCH 
SOFTWARE 3D.oooNEAR NfA NfA 
DEVeLOPMENT COSTS 
SATELLITE RECEIVER 10,000 NfA NfA 
(NAVSTAR' 
OA'rA TRANSMITTER 10,000 NfA NIP. 
(SATELLITE RELAY) 
--
VERTICAL 10.000 NfA "fA 
ACCELEROMETER 
't:STALLATlON 3.500/HOUR NfA NfA 
FLIGHTTEST.AND 
EVALUATION 
IIwILL TASK 000. 
- --~-"--~ '------"""'------ -~-'---:.-~~-. 
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MINUS 11- 10) QUANTITY 
25 25 • 1 
50 50 1 25 
10 10 5 2 
25 75 5 1 
25 25 5 1 
10 10 I 7 1 
15 15 7 10 
" 
--.-~.- .- ''''-'''-'"'---''-''-''-- ..... - --- --. 
! 
ESTIMATED 
TOTALCOST 
(DOLLARS) 
75.000 
--SOD __ 
60.000 
1O.DOD 
10.000 
10.000 
45.DOD 
I 
00 
-n;:a 
-05 0-
oZ ;.::IF: 
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Table 4-14. User Requirement Cost Worksheet for Tsunami Warning (4 of 5) 
AIRCRAFT (CONTO) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT Ut'ilTCOST UNIT COST FACTOR lOTALCOST 
lHARDWAAE AND SUP:;!ORTI (DOLLARS) FACTOR (DOLLARS) PLUS MINUS :1-101 QUANTITY CDOLLARS) 
TRAINING 
IZ.WEEK COURSE) 
1.100/PERSON N/A NIA 10 I. 2 2.200 
PERSONNEL 2.!'>B5/PERSQN NIA NIA ,. ,. 9 1 2,51;5 
DISPLACEMENTCQSTS 
PROGRAM PLANNING 10.1)25,000 NIA N,A J. 5 6 NIA 10.025.000 
COSTS 
PERSONNEL 25.000/YEP.R NIA NIA 10 ,. 1 25.000 (PILOT) (MILITARY) 
PERSONNEL 25.000/YEAR NIA NIA 
(TECHNICAL! 
,. ,. 1 25.000 
PERSONNEL 15.000IYEI\R NIA NIA ,. ,. 1 15.000 (MECHANIC) (MILITARY) 
DATA PROCESSING SOO/HOUR NIA NIA 15 15 B ,. 5.000 j 
OVERHEAD AND 0.5 X PER- NIA NIA 15 5 B NIA J2,soo I 
ADMINISTRATive SONNEL CQS'J"S , 
COSTS 
I 
-- -
" 
.' ~~"-- ---~~ • ~ ____ ' , 11,_-
: _______ ':'-t._ -'---'l.._--_~ 
~~~--- ~,,--- -----"' 
00 
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Table 4-14. TIser Requirement Cost Worksheet for Tsunami Warning (5 of 5) 
~~.~.""-~ , 
.. 
I 
'" 
'" 
AIRCRAFT [CONTOI 
REQUIREMENT 
[HARDWARE AND SUPPORT) 
AIRCRAFT OPERATING 
COSTS 
~, 
IMPROVEMENT 
CURRENT 
UNIT COST UNIT COST 
[DOLLARS) FACTOR (DOLLARS) 
3,soo/HOUR NfA NfA 
.--~ ......... - :: 
PERCENTAGE 
VARI,'-NCE 
CONFIDENCE ESTlMATED I 
FACTOR 7OTALCOST 
PLUS MIIIIUS 11-101 QUANTITY (uOLLARSI , 
40 40 5 5" 175))00 I 
, 
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4.9 USER REQUffiEMENTS FOR OPEN OCEAN TIDES 
The user requirements for open ocean tides are as follows: 
• 
• 
• 
Accuracy: ±10 centimeters 
Resolution: 10 by 10 kilometers 
Repetition rate: 24 hours 
• Report time: Not critical 
• Format: Digital grid 
• Distribution: International, publicaticn of special tables 
• Duration of data gathering: 10 years 
Daily measurement of ocean tides (Figures 4-8) for a particular region of 
ocean can be accomplished with one polar-orbiting satellite carrying an in-
strument such as the SEASAT-A altimeter. The repetition rate specified al-
lows for detecting the relatively small amplitude diurnal and greater period 
tides. But the larger amplitude semidiurnal tides would be undetectable. The 
use of two polar-orbiting satellites displaced by 180 degrees of right ascension 
of the ascending node would yield data from which the semidiurnal tide could 
be discerned; that is, they would enable observations to be made at 12-hour 
intervals. The two satellites must be tracked such that either vertical position 
is Imown to within ±10 centimeters, which can be accomplished with the aid of 
the planned NA VSTAR system. The satellite data can be telemetered to Earth 
and reduced for analysis using the SEASAT-A or OEOS-C data processing sys-
tem. Only a few minutes of computer time are required for a particular point 
of interest. Tide tables can be prepared and mailed to users as requested. 
The estimated 10-year cost for the satelliteborne altimeter system is 
$98,512,809. Detailed cost information is presented in Tables 4-15 and 4-16. 
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Figure 4-8. Measurement of Ocean Tides--Satellites 
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Table 4-15, a User Requirement Cost Summary ,for Open Ocean Tides 
TYPE OF COST 
NONRECURRING, 
INITIAL ACQUISITION IEXISTINO HAROWARE) 
IMPROVEMENT 
SOFTWARE OEVELOPMENT 
LAUNCH 
REPAIR PARTS IOPERATING) 
INSTALLATION, FLIGHT TEST AND EVALUATION 
INITIAL TRAINING IPER DIEM, TRANSPORTATION, ETC" 
TF.ST/MAINTENANCE EOUIPMENT 
PERSONNEL DISPLACEMENT 
LAND AND aUI LDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRINO COSTS 
ANNUAL RECURRING: 
OPERATING 
PERSONNEL 
RENT/LEASiNG IOFFICE SPACE, BUILDINGS, ETC., 
INCLUDES UTILITIES) 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RE'TAAINING 110 PERCENT ANNUAL TURNOVERI 
OVERHEAD AND ADMINISTRATIVE 
DATA DISTRIBUTION 
MAINTENANCE 
FACILITIES ILABOR MATERIAL, ETC" INCLUDED 
IN RENTI 
FLIGHT HOIIR IAIRCRAFTI 
SATELLITE REPLACEMENT 
'rRACKING AND STATIONKEEPING 
REPAIR PARTS IREPLENISHMENT) 
TOTAL ANNUAL RECURRING COSTS 
TOTAL COSTS FOR 1101 YEARS-S 
DLIf-e·CVCLE COSTS 
WHERE 
N 
LCC"NACt L ARC 
Nul 
Lee .. LIFE.cYCLE COSTS 
NRC - NONREr.URRING COSTS 
PLATFORM COST IOOLLARSI 
SATELLITE 
9,010,000 
NIA 
00,000 
14.000,009 
NIA 
13,200 
NIA 
NIA 
31,020 
NIA 
463,208 
23.577 ,429 
300,000 
N/A 
91,500 
NIA 
NIA 
1,320 
150,000 
lB 
NIA 
6,900,000 
50,700 
NIA 
7,493,638 
98,612.1109 
AIRCRAFT 
ARC ANNUAL RECURRING COSTS IN - NUMBER LIFEoCYCLE YEAR~) 
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Table 4-16. Use~ Requirement Cost Worksheet for Open Ocean Tides (l of 2) 
ACCURACY 110 CENTIMETERS 
RESOl.UTION 10 BY 10 KILOMETERS 
REPETITIOM RATE 24 HOURS 
REPC.'T TIME NOT CRITICAL 
FORMAT OIGITALGRIO 
QISTRIBlJTlON ItlTERNA.TIONALPUBLlCATION (TABLESI 
DURATION OF OATAGATHERING 10 YEARS 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CDNFIOENCE ESTUU.TED 
REOUIREMENT UNIT COST UNIT COST fACTOR TOTAL COST 
(HARDWARE AND SUPPORT! (DOLLARS) FACTOR IDOLLARS) PWS ... us n-l01 IlUAHnTY (DOLLARSl 
SATELLITE 
lSEASAT ALTIMETER) 4.soo.ooo NI. ~clA ,. ,. , 2 
---
SATELUTE RECEIVER 
CNAVSTAAI ,a.ooo NI. NJA :IS :zs • 
, 
'0mJ 
SOFTWARE 
DEVELOPMENT COSTS 3O.OOO1YEAR ". NI' .a 
,a • 2 
....,.. 
LAUNCH COSTS '.000.000 NI. NI. •• •• S 2 , • ..aoo.ooo 
TRAINING 12.wEEK 
COI.."RSS.1 1.100~CH NI. NJA .a •• 
, 12 ";ZOO 
. 
PERSONNEL 
OCSPLACEJolENT COSTS 2.585 EACH NI. NI. .a .a 
-
12 ,,-
PROGRAM PLANNING 
COSTS ""'206 
'" 
NI' m 5 6 NI. 463206 
PERSONNEL 
mCHNtCAU 2S..oooIYEAR NIA NI. .a 10 
-
12 =.000 
" 
_______ .~ . __ ._~~ __ ~.-.iI>;"':~ 
-", ,,~,,~ ------- --- ~:-
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Table 4-16. User Requirement Cost Worksheet for Open Ocean Tides (2 of 2) 
PERCENTAGE 
IMPROVEME.NT VARIANCE 
alNflDENCE CURRENT 
REQUIREMENT UNtTCOST UNIT COST fAl:TOR 
lHAROWARE AND stJPPORTI [DOLlARS) fACTOR tDOU .... RSl PLUS "NUS II-1m OUANTITY 
OATA PROCESSlNG 
S'tSTE" ...,..0,," NfA N/A 
'" 
l:I • tB3 
OVERHEAD AND 
AOIoILNISTRJ.TIve OSXPER- NI' N:A t5 • 8 .fA COSTS SONNEL COSTS 
DATA DtSTRlBUTlON 
.... 'U 1.12JPOUND NIA HfA 
'" 
0 9 t. 
SATELLITETRACXING l..D"CJHOUR N:A NIA 50 20 , .. 
I 
-----~-.<-..-.---- --,~-, 
"-- -.~ '- -" __ >-__ -----.---~ -'----- ....... 
ES1U .... TED 
TOTALCOST 
IOOUARSI 
.. _ 
t50J)OO 
to 
50.700 
. 
I 
" 
00 
"'1\;;3 
--00. 
02 ~r; 
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4.10 USER REQUffiEMENTS FOR MONITOlUNG SEA HEIGHT 
The usel' r\!quirements for monitoring sea height for shipping purposes are 
as follows: 
• Acc:lracy: :1:10 centimeters 
• Resolution: 10 by 10 kilometers (In open sea) 
G by 5 Idlometers (near shore) 
• Repetition rate: G hours (In open sea) 
3 hourA (near shore) 
• :~eport time: 3 hours 
., Format: Facsimile maps with wavt, ht!lghts in feet and wave direction 
arrows 
o Distribution: International/regional/local 
• Duration of data gathering: Permanent tnsk 
This task cnn be partinlly satisfied with the aid of a radar altimeter which only 
measures wave height. It cannot provide wave directional spectra unless It is 
operated In the off-nadir wave directional spectrometer mode. If the altlmeter 
Is operated in conjunction with a wind-sensing scatterometer and no swell is 
present, a one-dimensional wave spectrum may be obtained. The number of 
satelliteborne altimeters necessary to satisfy this user requirement is on the 
order of hundreds because of the vast geographic region to be covered and the 
3- to-6-hour repetition rate. (A less severe requirement can be satisfied using 
a constellation of satellites.) However, it may be possible, using a concept pro-
posed by Drs. E. Walsh, G. Swift, and D. Weillsman (Reference 7), to obtain 
reasonably good coverage of the shipping lanes by takir,g advantage of the hnn-
dreds of commercial and milltary aircraft that traverse the oceans and coast-
lines of the continents (Figure 4-9). These aircraft could be equipped with 
radar altimeters that are capl\ble of continuously measuring seastate to within 
4-69 
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±1O oentimeters over a fi-byfi-Idlometer ,,1' a 10-by-10 kilometer sea lane re[;o-
lution oell. An inertial navigation system for positioning the airoraft is already 
avrulnble. A vertloal aooelerometer for reoordlng vertionl motions to within 
±10 oentimeters over a few seoonds is also needed. The instrument required 
should be n fivefold Improved vorsion of the NRL nanoseoond radar. The paolmge 
onboard the alroraft must Inolude n maximum-likelihood prooessor to produoe 
seas tate data, whloh oan be relayed via a synohronous satellite to a oentral proo-
essing and data dissemination faelllty that puts out faoslmile maps of wave heights. 
The faoslmile maps should be transmitted via the telefax network to the users 
upon request. 
The estimated 10-year cost for a 100-airoraft system is $281,841,640. 
A less stringent set of requirements (Figure 4-10) for monitoring slla height 
for ship!Jlng purposes 1'1 as follows: 
• Aoouraoy: ±lO oentimeters 
• Resolution: 600 Idlometers 
• 
• 
• 
Repetition Rate: 6 hours 
12 hours 
Report Time: 6 hours 
12 hours 
Format: Faosimile maps with wave heights in feet and wave direo-
tion arrows 
• Distribution: Internatlonal/reglonal/looal 
• Duration of Data G'.ltherlng: Permanent task 
This requirement Ol),n be only partially satisfied with the aid of satelliteborne 
altimeters beou:lse the altimeter oan measure wave height but not wave direo-
tlon, unless it Is operated in the off-nadir wave direotional spectrometer mode. 
Six satellites are required to oover the globe in 600-k1lometer increments 
every 12 hours and 12 satellites are required to oover the globe every 6 hours. 
4-70 
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Each satellite should be equipped with a radar altimetfn' capnl.Jle of measuring 
seastate t.il within ±l 0 centimeters. The instrument requir9d should be a five-
fold improved version of the :;;EASAT-A altimeter and its associated mnximum-
likelihood processor to produce seas tate data. The data can be telemetered ttl 
the STDN network and on to a central processing and data dissemina~ion facll ,ty, 
which puts out facsimile maps of wave heights. The facsimlle maps !:hould be 
transmitted via the telefnx network to the users upon request. The estimated 
10-year cost for the 6-satellite sy~tem is $286,995,492 and for the 12-satellite 
systf.lffi is $573,321,492. Detalled cost information is presented in Tables 4-17 
through 4-20. 
c-~ 
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Table 4-17, User Requirement Cost Summllry for Monitoring Sea 
Helghta (Aircraft Case) 
TYPE OF COST 
NONRECURRING, 
INITIA~ ACOUISITION IEXISTING HARDWARE} 
IMPROVEMENT 
SOFTWARE DEVE~OPMENT 
LAUNCH 
REPAIR PARTS (OPERATING} 
INSTA~~ATION, FLIGHT TEST AND EVA~UATION 
INITlA~ TRAINING IPEA DIEM, TRANSPORTATION, ETC., 
TEST/MAINTENANCE EaUIPMENT 
PERSONNE~ OISP~ACEMENT 
LAND AMD [lUILDING PUACHAt'E 
PROGRAM PLANNING 
TOTA~ NONRECURRING COSTS 
ANNUAL RECURRING: 
DATA PROCESSING 
TRANSPORTATION lAIR FREIGHl CHARGE} 
OPERATING AND MAINTENANCE CO~TS 
SATELLITE COMMUNICATIONS COST 
TOTAL ANNUAL RECURRING COSTS 
TOTA~ COSTS FOR IIO} YEARS· $ 
°LIFE·CYCLE COSTS 
WHERE 
N 
:..CC-NRC-t L ARC 
N·l 
Lee '" LlFE·CYCLE COSTS 
NRC .. NONRECURRING COSTS 
P~AT.FORl,I COST IOO~~ARS} 
6ATE~~ITE AIRCnAFTb 
33,760,000 
760,000 
1,100,000 
N/A 
N/A 
I,or,o,ooo 
I~/A 
N/A 
N/A 
N/A 
746,6<0 
37,346,640 
608,600 
17,666,000 
6,176,000 
1,000,000 
24,449,500 
281,841,640 
ARC .. ANNUAL AECURR ING COSTS IN .. NUMBER LIFE·CYCLE VEAt-=!S) 
bASSUME 100 AIRCRAFT MAKING 2 FLIGHTS PER DAY. 
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Table 4-18. User Requirement Cost Workslleet for Monitoring Sea Height (Aircraft Case) (1 of 2) 
ACCURACY- 15 CENTIMETERS 
RESOLUTION 
REPETITION RATE- 6 HQURS BEST CASE; 12 HOUASWORSE CASE 
REPORT TIME- 6 HOURS BEST CASE.; 12 HOURS WORSE CASE 
FORMAT: FACSIMILE MAPS WITH WAVE HEIGHTS IN FEET WITH WAVE DIRECTION ARROV.'S 
DISTRIBUTION: INTEANATIONAUREGIONAL/LOCAL 
DURATION OF DATA GATHERING: PERMANENT TASK 
'J 
PERCENTAGE 
IMPAOVEM(NT VARIANCE 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(hARDWARE AND SUPPORTI (DOLLARSI FACTOR IDOLLARSI PLUS MINUS 
NANOSECOND RADAR 
ALTIMETER 75.000 S 82.so0 2S 2S 
VERTICAL 
ACCelEROMETER 10,000 N;A NIA , 10 10 
SCATTEROMETER 200,DC:) NIA \N/A 25 2S 
MAXIMUM-LIKELIHOOD 
PROCESSOR 25.000 NIA NIA IS IS 
COMSAT TRANSMITTER 20,000 NIA NIA 10 10 
SCFTwARE 
OEVEL!JPMENT COSTS 2,SOO/MONTH NIA NIA 
" • 
INSTALLATION, FUGHT 
TEST. AND EVALUATION 10,000 NIA NIA S • 
PROGRAM PLANNING 
COSTS 746,640 NIA NIA 3D • 
CONFIDENCE 
FACTOR 
11 10J aUA.'\ITITY 
6 100 
7 100 
, 
l 1~ 
1 100 
, 100 
a 40 
9 100 
-
NIA 
-.----~.--- ____ ~ ___ -_~~~_.c..__'_~ __ ~-;;.,-_~ 
._----.JL- ."'> ~~'--';_.~ _.;...., ------"'"'---'----.:~ 
" 
ESTIMATED 
TOTAL COST 
(COLLARS) 
9.000.000 
1,000.000 
20,000.000 
2.soo.ooo 
. 
2.000.000 
1,100.000 
1.000,000 
146,ti40 
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Table 4-18. User Requirement Cost Worksheet for Monitoring Sea Height (Aircraft Case) (2 of 2) 
o 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST ",'NIT COST 
(HARDWARE AND SUPPORTI IDOLLARS) FACTOR IDOLLARS) 
DATA PROCESSING SOO/HOUR N/A N/A 
AlA FREIGHT CHARGE 
noo POUNDS PER 
AIRCRAFT] 242/FLlGHT N/A N/A 
OPERATING AND 
MAINTENANCE CAl5TS 
115 PERCENT HARD· 51.750/ 
WARECOSTSI AIRCRAFT N!A NIA 
COMMUNICATIONS 
COSTS VIA SATELLITE 
Ic:Ofo,\sATI 10.coo N/A NIA 
-- --- -------- ---
--~-
PERCENTAGE 
VARIANCE 
CONFIDENC"e 
FACTOR 
PLUS MINUS 11-101 QUANTITY 
10 10 8 100 
15 5 8 73.coo 
15 15 7 100 
20 20 6 100 
I 
- ---------
I 
--'I ._ .. ~ __ 
I 
,=-eTllAATED 
roTAL -::CST 
(DOLLARS) 
2.coo.coo 
11.666.000 
5.175.000 
l.coo.coo 
. 
00 
-n;o 
"'0(5 0--
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Figure 4-10. Monitoring Shipping Wave 
Seastate--Satellites 
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Tnbla 4-19. 
a UsaI' Requirement Cost Summnry for Monitoring Son Height 
(Six nnd 12 Sntellite Cnses) 
TYPE OF COST 
-
NONRECURI1ING: 
INITIAL ACQUISITION IEXISTING HARDWARE) 
IMPROVEMENT 
SOFTWARE DEVELQPMENT 
LAUNCH 
REPAIR PARTS IOPERATING) 
INSTALLATION. FLIGHT TEST AND EVALUATION 
INITIAL TRAINING IPER DIEM. TRANSPORTATIO(I. ETC,) 
TEST/MAINTENANCE EQUIPMENT 
PERSONNEL DISPLACEMENT 
LAND AND OUI LDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRING: 
OPERATING 
PERSONNEL 
RENT/LEASING IOFFICE SPACE, BUILDINGS, ETC" 
INCLUDES UTILITIESI 
DATA PROCESSING 
TRANSPORTATION 
PER DIEM 
RETRAINING 110 PERC~NT ANNUAL TURNOVER) 
OVERHEAD AND ADMINISTRATIVE 
DATA DISTRIOUTION 
MAINTENANCE 
FACILITIES (LABOR MATERIAL, ETC.,INCLU05.0 
IN RENT) 
FLIGHT HOUR IAIRCRAFT) 
SATELLITE REPLACEMENT 
'rAACKING AND STATIONKEEPING 
REPAIR PARTS IREPLENISHMENT) 
TOTAL ANNUAL RECURRING COSTS 
TOTAL TRIANNUAL COSTS 
TOTAL COSTS FOR 110) YEARS· $ 
SLIFE·CYCLE COSTS 
WHERE 
N 
Lee .. NRC + L: ARC 
N·l 
Lee • LIFE·CYCLE COSTS 
NRC • NONRECURRING COSTS 
PLATFORM COST IDOLLARS) 
6 SATELLITES 12 SATELLITES 
27,000,000 64,000,000 
NIA NIA 
20,000 20,000 
42,000,000 04.000,000 
NIA NIA 
NIA NIA 
2,200 2,200 
N/A NIA 
NIA NIA 
NIA NIA 
1.380,444 2,700.444 
70,402,644 140,782,644 
35,000 35,000 
1.184 1.1B4 
16,600 31,000 
NIA NIA 
NIA NIA 
220 220 
17,600 17,600 
N/A NIA 
207,000,000 414,000,000 
730,000 1,460,000 
N/A N/A 
7B0,404 1,644,904 
69,000,000 138,000,000 
286,096,492 673,321,492 
ARC • ANNUAL RECURRING COSTS IN • NUMBER LIFE,CYCLE YEARSI 
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Table 4-20. User Requirement Cost Worksheet for Monitoring Sea Height 
(Six and 12 Satellite Cases) (1 of 2) 
ACCURACY: 150 CENTIMETERS 
RESOLUTION: 1.000 KILOMETERS 
REPETITION RATE: 6 HOURS IBEST CASEI; 12 HOURS (WORSE CASEI 
REPORT TIME: 6 HOURS (BEST CASEI; 12 HOURS (WORSE CASE) 
FORMAT: FACSIMILE MAPS WITH WAVE HEIGHTS IN FEET WITH WAVE DIRECTION ARROWS 
DISTRIBUTION: IN'fERNATlONALJREGIONAULOCAL 
DURATION OF DATA GATHERING: PERMANENT TASK 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT 
REQUIREMENT UNITCOST UNIT COST 
[HARDWARE AND SUPPORT) (DOLLARSI FACTOR (DOLLARS) PLUS MINUS 
SATELLITE ISEASAT 
ALTIMETERI 4.500JlOO NfA NfA 
" " 
SOFTWARE DEVELOP· 
MENTCOSTS 2.5OOJMDNTH 'N/A NfA 
" • 
LAUNCH COSTS 7.000.000 NfA NfA 
" '. 
TRAINING (2-WEEK 1.1001 
mURSE' PERSONNEL NfA N/A 10 10 
PROGRAM PLANNING 1.380.444 
COSTS NfA NfA 30 • :2.760.444 
PERSONNEL 
{TECHNICAU 25.ooofYEAR NfA NfA 10 10 
PERSONNEL 
{ADMINISTRATIVEI lD.ooofYEAR NfA NfA 10 10 
OFFICE RENT (10 BY 15 7.89 FEcr2, 
FEETI YEAR NfA NfA ,. 
" 
- _. I 
CONfiDENCE 
FACTOR 
11- to) 
9 
-
B 
9 
7 
6 
9 
7 
B 
----"-""---- "-,~. .-----~.--'--.......;. .. .._,...,JI.;..;....,...:"._-~_I-\._. ___ ..... , 
ESTIMATED 
lOTALCOST 
aUANTITY (DOLLARS' 
6 
12 
B 
< 
12 
2 
. 
NIA 
1 
1 
150 
27JlOOJlOO 
54JlOOJlOO 
20JlOO 
..,JlOOJlOO 
B4JlOOJlOO 
2.200 
. 
1,360.444 
2,.760.444 
25JlOO 
10JlOO 
1.184 
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Table 4-20. User Requirement Cost Worksheet for Monitoring Sea Height 
(Six and 12 Satellite Cases) (2 of 2) 
PERCEIIo'TAGE 
Ir..;I>ROVEMENT VARIANCE CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR lDTALCOST 
IHAROWARi AND SUPPORn IDOLLARS) FACTOR (DOLLARS) PLUS ~INUS 11-10) QUANTITY IOOLLARSI 
31 IS.sao 
DATA PROCESSING SOO/HOUR NfA filA 15 15 5 
62 3UlOO 
OVERHEAD COSTS 05XPER· NfA NfA 15 5 B NfA 17.sao 
SONhELCQSTS 
SATELLITE TRACKING 730 730.000 
COSTS 1.000IYEAA NfA NfA 15 15 9 
"60 1.460.000 
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4. 11 U,lER REQUIREMENTS FOR PRE FLOOD ASSESSMENT 
The user requirements for' pr'lfiood assessment {e. g., at the Day of Bengal) 
are as follows: 
• Accuracy: :1:10 centimeters 
It Resolution: 0.5 by 0.5 kilometer 
• 
• 
• 
• 
• 
Repetition rate: 2 hours 
Reporting time: 2 hours 
Formut: Digital tapes, facsimile maps 
Distribution: Local/regional 
Duration of data gafherlng: Permanent tasle 
To meet this requirement, 12 satellites in polur orbits arc required because 
" 
of the 2-hour repetition rate (Figure 4-11). These satellites can carry radar 
altimeters and can be tracked to within :1:10 centimeters with a system similar 
to the planned NA VSTAR navigation system. During the monsoon season, the 
water level within the Bay of Bengal can be measured. Data could be trans-
mitted to a ground processing station (located in Booghly, for example) for 
rapid processing. Knowledge of local tides is necessary because tidal effects 
must be subtracted for the altimeter data. Dati: should be transmitted via tele-
phone lines to users along the east coast of India. 
An alternative system would incorporate an aircraftborne altimeter (Fig-
ure 4-12). Electra type aircraft, based at Booghly, could be launched every 
2 hours and fly southward along the Ba.y of Bengal, telemeterlng data via a 
satellite link to the central computer facility at Hooghly. The position of the 
aircraft must be determined to within :1:10 centimeters. Three low-frequency 
radar traclcing stations are needed to get an accurate fix In rainy weather so 
that clusters of three stations must be cor,structed at 100-ldlometer Intervals 
along the coast. Stations can be located using the NAVSTAR pOSitioning sys-
tem. Facsimile maps of water levels can be produced after geoidal undulations 
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and tho offocts of tldos bavo beon subtracted from tho data. They oan bo sent 
via telephone link to local and regional usors • 
Tho estlmnted 10-yenr costs for the spaceborno and airborno systems aro 
$559, GGO, 770 and $11, Q18, 022, respectively. Detdiled cost data is presonted 
in Tables 4-21 und 4-22. 
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Tahle 4-21. a lTser Requirement Cost Summary for Prenood Assessment 
TVPE OF CDST 
PLATFORM COST IDOLLARS) 
SATELLITE AIRCRAFl 
NONRECURRING . 
INITIA! ACOUISITION IEXISTING HARDWARE) 64,010,160 3.020,060 
IMPAOVE:I 'ENT N/A Nil, 
~OFTWArE DEVI:LOPMENT 16,000 15,000 
i..AUNCH 84,000,000 
REPAIR PARTS 10PERATING) N/A 126,186 
INSTALLATION, FLIGHT TEST AND EVALUATION N/A 42,840 
INITIAL TRAINING IPER DIEM, TRANSPORTATION, ETC.) 2,200 S,800 
TESTIMAINHNANCE EQUiPMENT N/A 64,070 
PERSONNEL DISPLACEMENT N/A N/A 
LAND AND DUILDING PURCHASE N/A N/A 
PROGRAM PLANNING 2,Blu,Bao 7BII80 
TOTAL ~ONRECURRING COSTS 140,049,230 3,946,452 
ANNUAL R~CURRING 
OPERATING 
~ERSONNEL 60,000 2B4,000 
RENT/LEASING IOFFICe SPACE, BUILDINGS, ETC,; 
INCLUDES UTILITIES) 1.184 1,1B4 
DATA PROCESSING lB,ooO 10,000 
TRANSPQRTAllON 1,660 1,660 
PER DIEM 6,600 30,250 
R<HMINING 110 PERCENT ANNUAL TURNOVER) 220 BBO 
OVEI-lHEAD AND ADMINISTRATIVE :l5,OOO 142,000 
DATA DISTRIBUTION N/A N/A 
MAINTENANCE 
FACILITIES ILADOR MATERIAL, ETC"INCLUDED 
IN RFNTI 
FLIGHT HOUR IAIRCRAFT) N/A 246,100 
SATELLITe REPLACEMF.NT 41,400,000 N/A 
-rRACKING AND STATIONKEEPING 370,600 N/A 
REPAIR PARTS IREPLENISHMENT) N/A 63,003 
TDTAI_ ANNUAL RECURRING COSTS 41,8Bl,IS4 787,167 
TOTAL COSTS FOR lID) VEARS· $ 650,B60,770 11,818,022 
°LIFE-CYCLE COSTS 
Lee. NRC + ARC 
WHERE Lee lIFE·CYCLE COST3 
NRC • NONRECURRING COSTS 
ARC • ANNUAL RECURRING CDSTS IN· NUMBER LIFE·CYCLE VE.'RSI 
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Table 4-22. User Requirement Cost Worksheet for 
Preflood Assessment (I of 5) 
SATELLITE 
ACCURACY' ~10 CENTIMETERS 
AESOLUTlON o.sBY 0.5 KILOMETER 
REPETITION RATE: 2 HOURS 
REPORT TIME 2 HOURS 
FORMAT" DIGITAL TAPES.·FACS1MILE MAPS 
DISTRIBUTION: LOCALlAEGIOr.1AL 
DURATION OF DATI~ GATHERING: PERMANENT TASK 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
REQUIREMENT UNIT COST UNIT COST FACTOR 
(HARDWARE AND SUPPORT) (DOLLARS) FACTOR (DOLLARS) PLUS MINUS 11-101 
SATELLITE 4,500,000 N/A N/A 50 50 1 (SEASAT ALTIMETER) 
DATA DISTRIBUTION TX AND RX N/A N/A 10 5 10 (FAC) 16,150 
SOFTWARE 2.500/MONTH N/A N/M. 5 5 • DEV!:LOPMENT COSTS 
LAUNCH COSTS 7.000,000 N/A N/A 50 50 1 
TRAINING 1.100IPERSON N/A N/A 10 10 7 
l2-WEEK COURSE) 
PROGRAM PLANNING 2,815.880 N/A N/A 30 5 6 
COSTS 
PERSONNEL 25,OOO/VEAR N/A N/A 10 10 9 
(TECHNICAL! 
OFFICE RENT 7B9 FEET2I N/A N/A 10 10 8 
110 BY 15 FEET) YEAR 
-----.-~.:.....- ,~ - ,I __ ~,. _. ___ ' _" ____ .:. 
QUANTITY 
12 
1 
6 
12 
2 
Nh\ 
2 
150 
-,-.,.....".--~ 
-~ ~"".....:.,m;.:.'J: - -_-"-__ ' __ '_ 
ESTlMATED 
TOTAL COST 
(DOLLARS) 
54.000.000 
16.150 
15.000 
84.000.000 
. 
2.200 
2,815,880 
50.000 
1_184 
--
" 
00 
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0 2 ::o~ 
.0"0 
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SATELLITE {CONTO) 
REaUIREMENT 
Table 4-22. User Requiremcllt C.ost Worksheet for 
Preflood Assessment (2 of 5) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
UNIT COST UNITC05T FACTOR 
(HARDWARE AND SUPPORT) (DOLLARSI FACTOR (COLLARS) PLUS MINUS Cl-10' 
DATA PROCESSING SOO/HOUR N/A N/A 15 15 S 
. 
CAR RENTAL 3D/DAY N/A N/A 10 10 9 
PER DIEM SOlDAY ,"4/,. N/A 5 S 9 
OVERHEAD ':.NO 0.5 X PER· N/A N/A lS S • ADMINISTRATIVE SONNEL 
COSTS COSTS 
STDN COSTS l,040/HOUR N/A N/A SO 20 7 
-
ESTIMATED 
TOTAL COST 
QUANnTY {DOLLARS) 
36 ' • .coo 
55 1,6S0 
110 5.500 
N/A 25.coo 
'--1 
3SS 379,.600 i 
. 
! 
- -
___ L 
-- -
" 
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Table 4-22. User Requirement Cost Worksheet for 
Preflood Assessment (3 of 5) 
AIRCRAFT 
ACCURACY: :tiGCENTIMETER 
RESOLUTION: 0.5 BY 0.5 KILOMETERS 
REPETITION RATE: :2 HOURS 
REPORT TIME: 2 HQURS 
FORMAT: C1GITAL TAPES, FACSIMILE MAPS 
OISTRIBUTION: LOCAUREGIONAL 
DURATION OF DATA GATHERING: PERMANENT TASK 
IMPROVEMENT 
CURRENT 
REQUIREMENT UNIT COST UNIT COST 
(HARDWARE AND SUPPORT) fOOLLARS) FACTOR (OOLLARSI 
AIRCRAFT 600,000 NfA NfA 
(LOCKHEED ELECTRA) 
NANOSECOND RADAR 75,000 NfA NfA 
ALTlMETER 
INERTIAL NAVIGATION If 0,000 NfA NfA 
SYSTEM (LTN·S1) 
SATELLITE RECEIVER 
(NAVSTARI 
10,000 NfA NfA 
RADAR TRACKING 200.000 NfA NfA 
STATION IFPQ-61 
DATA DISTRIBUTION TXANDRX NfA NfA 
(FAtl 16.150 
AUXILIARY eQUIPMENT 1,500 EACH NfA NfA 
(POWERUN!TI 
SOFrWARE 2.5OOlMONTH NfA NfA 
DEVELOPMENT COSTS 
PERCENTAGE 
VARIANCE 
CONFIDENCE 
FACTOR 
PLUS MINUS 11-10) 
10 10 S 
10 10 S 
5 5 10 
25 25 5 
5 5 S 
5 5 9 
5 5 S 
5 5 S 
QuANTITY 
J 
J 
J 
J 
6 
1 
1 
6 
., 
-~.,----.-,---~--~--~-~~- I~ __ ". - ____ , ___ , ....... ___ ~ '.-. • ___ _ 
ESTIMATED 
TOTAL COST 
(DOLLARS) 
1.800.000 
225.000 
330.000 
30.000 
. 
1,200.000 
16.150 
1.s00 
I 
i 
15.000 
-~.~.-~,-~ '-
00 
.... :0 
-oi5 0-
0 2 :o~ 
.g;g 
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.~ l,; 
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Table 4-22. User Requirement Cost Worksheet for 
Preflood Assessment (4 of 5) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
-:--__ ~r_ 1\ 
CURRENT CONFIDENCE ESTIMATED 
REQUIREMENT UNIT COST UNIT COST FACTOR TOTAL COST 
IHAROWARE AND SUPPORT) IDOLLARS) FACTOR ICOLLARS) PLUS MINUS C1 101 QUANTITY IDOLLARS' 
INSTALLATION, 535IHOUR" NfA NfA lS lS S 2' 42,840 
FLIGHTTEST.ANO 
eVALUATION 
TRIJNING 1.1001PERSON NfA NfA 10 10 7 S s~oo 
12·WEEK COURSEl 
, 
PROGRAM PLANNING 3O.95S NfA NfA 30 S • NfA 3O.95S COSTS 
I 
FLIGHT PERSONNEL 
IPILOTS) 
30,OOONEAR NfA NfA 10 10 9 • 180.000 
I 
FLiGHTPERSQNNEL lB,OOOIVEAR NfA NfA 10 10 9 3 54.000 
ICREWI 
! 
PERSONNEL 25.000IYEAR NfA NfA 10 10 9 2 SO.ooo 
I (TECHNICAL) . 
I 
! 
OFFICE RENT 7..89FEerl NfA NfA 10 10 S lSO 1.184 
I 
(10 BY 15 fEETI YEAR 
DATA PROCESSING SOOfHOUR NfA NfA lS lS S 3. lS.ooo 
SYSTEM 
'----- - - - -
alNSTALLATION COSTS: $10.000 PER AIRCRAFT. 
" 
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Table 4-22. User Requirement Cost Worksheet for 
Preflood Assessment (5 of 5) 
AIRCRAFT (CONTo) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CONFIDENCE CURRENT 
REQUIREMENT UNIT COST UNIT COST FACTOR 
(HAROWARE AND SUPPORTl IDOLLARSI FACTOR IDOLLARSI PLUS MINUS (1-101 
C.\R P.tNTAL 3D/DAY NIA N/A 10 10 9 
PER DIEM Sa/DAY NIA NIA 5 5 9 
OVERHEAD AND o.s x PER· N/A NIA 15 5 B 
ADMINISTRATIVE SONNEL 
COSTS COSlS 
AIRCRAFT OPERATING 535/HOUR NIA N/A 10 10 B 
~~- ___ ."_. il • ____ "~ ____ .,_, 
aUANTITY 
55 
605 
NIA 
460 
" 
ESTlMATED 
TOTAl-COST 
IDOLLARSI 
1 
1.650 
:m.250 
I 
"'.000 
246,100 
. 
I 
-
00 
"'1'1:::0 
"td5 0-
0 2 :::o~ 
.o"U C"" :Poe;> 
.1"11 ~W 
\~--, 
\ , 
I 
i 
'I 
'; 
i 
~ 
- ~ ---'....I...:.- ,.,.'._,--",.0, .""ms&- = r _ -1 
4.12 USER REQUffiEMENTS FOR SHORE TIDE, SEA-LEVEL INFORMATION 
The user requirements for near-shore tide and sen-level Information, longshore 
currents, and test of local tide tables for foreign areas are as follows: 
• Accuracy: :1:10 centimeters 
• Resolution: 0.5 by 0.5 kilometer 
• Repetition rate: 12 hours 
• Report time: Not critical 
• Format: Digital tapes, digital display on grid, and map of specific 
area 
• Distribution: International/regional/local 
DuratiOn of data gathering: Permanent task 
Near-shore tide and sea-level Information can be obtained using a system 
employing two satell!teborne SEASAT-A-type radar altimeters with the spot size 
reduced by a factor of three. The satell!tes In 2-hour polar orbits must be 
traoked to within :1:10 centimeters using a system similar to the planned NAVSTAR 
system (Figure 4-13). Data can be relayed from the satellite using a network 
similar to that proposed for SEASAT-A and then processed, Tidal fluctuations, 
sea-level information, and geostrophlc currents can be extracted and facsimiles 
sent via telefax, mail, etc., to the users In the area of interest. 
Aircraftborne altimetr'J could also be exployed where an Electra-type aircraft 
(Figure 4-14) would make a pass over the area of interest every 12 hours keep-
ing on course (within :1:0. 5 Idlometer) with the aid of an Inertial navigation sys-
tem. The altimeter dat.a would be returned with the aircraft and transmitted to 
the computer center via data link, telephone, mail, etc. The aircraft position 
must be determined to ±10 centimeters. This can be satisfied using three radar 
tracking stations that have been located using the proposed NA VSTAR positioning 
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system. Tracking and altimeter data can be relayed on a non-real-time basis 
to a central computer processing facility for processing. Digital tapes can be 
prepared for distribution by n,tail to users. 
The estimated 10-year costs for the spaceborne and airborne systems are 
$82,500,454 and $10,657,002, respectively. Detaileq cost data is presented 
bl Tables 4-23 and 4-24. 
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Table 4-23. User Requirement Cost Summary for Shore Tide, 
Sca-i.evel Informationa 
TYPE OF COST 
NONRECURRlIlG 
INITIAL ACOUISITION :EXISTING HARDWAREI 
IMPROVEMENT 
SC'TWARE DEVELOPMENT 
LAUNCH 
REPAIR PARTS 10PERATINGI 
INSTALLATION, FLIGHT TEST AND EVALUATION 
INITIAL TRAINING IPER DIEM, TRANSPORTATION, ETC I 
TEST/MAINTENANCE EOUIPMENT 
PERSONNEL DISPLACEMENT 
LAND AND OUILDING PURCHASE 
PROGRAM PLANNING 
TOTAL NONRECURRING COSTS 
ANNUAL RECURRING 
OPERATING 
PERSONNEL 
RENT/LEASING IOFFICE SPACE, BUILDINGS, ETC,; 
INCLUDES UTiLITIESI 
DATA PROCESSING 
TRANSPORTATION 
PER OIEM 
RETRAINING 110 PERCENT ANNUAL TURNOVERI 
OVERHEAD AND ADMINISTRATIVE 
OATA DISTRIBUTION 
MAINTENANCE 
FACILITIES ILABOR MAT.RIAL, ETC" INCLUDED 
IN RENTI 
FLIGHT HOUR IAIRCRAFTI 
SATELLITE REPLACEMENT 
'rRACKING AND STATIONKEEPING 
REPAIR PARTS IREPLENISHMENTI 
TOTAL ANNUAL RECURRING COSTO 
TOTAL COSTS FOR 1101 YEARS' $ 
°LIFE·CYCLE COSTS 
WHERE 
N 
LCC-NRC+ ~ ARC 
N'1 
LCC • LIFE-CYCLE cOSTS 
NRC • NONRECURRING COSTS 
. -
PLATFORM COST 100LLARSI 
SATELLITE AIRCRAFT 
0,000,000 1,396,600 
N/A N/A 
30,000 30,000 
14.000,000 N/A 
N/A 01,331 
N/A 18,026 
1.100 6,600 
N/A 20,204 
N/A 20,OBO 
N/A N/A 
469,834 31,812 
23,600,034 1,691,232 
25,000 216,000 
1,184 1,1B4 
IB,500 IB,600 
10,1160 N/A 
18,25'1 146,000 
110 660 
12,600 103,000 
NOMINAL NOMINAL 
N/A 390,650 
6,750,000 N/A 
63,440 N/A 
N/A 3D,06F 
5,889,934 906,539 
82,500,454 10,667,002 
ARC ANNUAL RECURRING COSTS IN· NUM6ER LIFE-CYCLE YEARSI 
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Table 4-24. User Requirement Cost Worksheet for Shore Tide, 
Sea-Level Information (1 of 5) 
SATELUTE 
ACCURACY: .dQCENTIMETERS 
RESOLUTION: D.S BV0.5 KILOMETER 
REPETITION RATE: 12 HOURS 
REPORTTIME: NOT CRITICAL 
FORMAT: DIGITAL TAPES, DIGITAL D~LA Y ON GRID, AND MAP OF SPECIFIC AREA 
DISTRIBUTION: INTERNATIONAUREGIONAULOCAL 
DURATION OF DATA GAntERING: PERMANENT TASK 
PERCENTAGE • 
IMPROVEMENT VARIANCE 
OJRRENT CONFIDENCE 
REQUIREMENT UNIT COST UNITCCST FACTOR 
[HARDWARE AND SUPPQRn [COLLARS) FACTOR roOLLARS) PLUS MINUS 11-1Cl CUANTITY 
SATELUTE 4,500,000 N/A N/A 5. 5. 1 2 
ISEASAT ALTIMETER) 
SOFTWARE 2.500JMONTH N/A N/A 5 5 8 12 
DEVELOPMENT COSTS 
LAUNCH COSTS 7.000,000 N/A N/A 50 5. 8 2 
TRAINING 1.100lPERSON NIA NIA I. I. 7 1 
Iz..weEK COURSEI 
PROGRAM PLANNING 
... -
NIA N/A :ro 5 • NIA CXlSTS 
PERSONNEL 25.oooJYEAR N/A NIA I. I. 9 1 
(TECHNICALI 
CFFICEAENT 7.89 FEe-r2, NIA N/A I. I. 8 150 
(10 BY 15 FEET) YEAR 
DATA PROCESSING 5OO1HOUA N/A N/A 15 15 8 37 
ESTIMATED 
TOTALCOST 
(DOlLARS) 
9,000,000 
"",000 
14,l)OOJ)O() 
1.100 
. 
--
"'-
1.184 
18,500 
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Table 4-24. User Requirement Cost Worksheet for Shore Tide, 
Sea-Level Information (2 of 5) 
SATELLITE (CONTO) 
. PERCENTAGE 
IMPROVEMENT VARIANCE CURRENT CONFIDENCE 
REQUIREMENT UNIT COST U'NITCOST FACTOR 
(HARDWARE AND SUPPORTI [DOLLARSI FACTOR (DOLLARSI PLUS MINUS n -101 QUANTITY 
CARR!::NTAL 30lDAY NIA NIA 10 10 9 JS5 
PER DIEM SOIDAY NIA NIA • • 9 JS5 
OVERHEAD AND D.S X PER· NIA NIA ,. • 8 NIA ADMINISTRATIVE SONNEL 
COSTS COSTS 
~TA DISTRIBUTION 2.S0lPOUNOa NIA NIA :ro 0 9 8 
IMAIL} 
-
STDNCOSTS l,04OJHOUR NIA NIA 50 20 7 ., 
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Table 4-24. User Requirement Cost Worksheet for Shore Tide, 
Sea-Level Information (3 of 5) 
AIRCRAFT 
'OCCURACV, 
RESeLUTICN: 
:10 CENTIMETERS 
o..s BY 0.5 KILOMETER 
REPETlnON RATE: 12 HOURS 
REPORT TIME" NOT CfUTlCAL 
FOAMAT: DIGITAL TAtES. C!GITAL DIsPLAY ON G~UD.ANO MAP OF SPEClFICAREA 
DISTRIBUTION: .NT'ERNATlONAUREG;QNAlJLOCAL 
DURATION OF DATA GATHERING: PERMANENT TASK 
PERCENTAGE 
IMPROVEMENT VARIANCE CURnENT 
REQUIREMENT UNIT COST UNIT COST 
CONFIDENCE 
FACTOR 
.~.-~~.--......,....-
'"'"~"-__ '"~~_~~~" ....... 40~ .................... ____ "" ____ ... 
-,,~ 
ESTUAATED 
TOTAl. COST 
(HARDWARE AND SUPPORn IODLLAfI.s1 FACTOR IDOLLARS) PLUS MlNUS 11~ tel QUANTITY (OOUARSf 00 
""::0 
"tiC) 
0::; 
0-
AIRCRAFT 600.000 Nf. NfA 10 
ILOCKHEED ELECTRA) 
NANOSECUND RADAR 
75_ 
NfA NfA 10 
ALTlMET1:R 
INERTlALNAVIGATlON 110,000 NfA NfA 5 
sYSTEM ILTN-sll 
SATELLITE RECEIVER 10_ NfA NfA 25 
INAVSTARI 
RADAR TRACKING 200.000 NfA NfA 5 
Sf ATiON (FPMI 
AUXILIARY EQUIPUENT l.5DDEACH NfA NfA 5 
lPOWER UNIll 
SOFlWARE 2.,5C.'CJIMONTH NfA NfA 5 
DEVELoPMENT COSTS 
INSTALLATION. 53S/HOUR NfA NfA 15 
FLIGHT TEST. AND 
EVALUATION 
:-~.;;.;.- __ s~ __ 
.-.~ 
~~- --- .----. ·-_-__ ..... u_ 
10 8 , 
10 8 1 
I 
5 10 1 
25 5 1 
5 8 3 
5 9 1 
5 8 12 
15 7 15 
--75_ 
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10_ 
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I 
, 
::o~ 
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Table 4-24. User Requirement Cost Worksheet for Shore Tide, 
Sea-Level Information (4 of 5) 
AIRCRAFT ICONTO) 
PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
REQUIREMENT UNIT COST UNIT COST FACTOR 
(HARDWARE loRD SUPPORTl (DOLLARS) FACTOR (DOLLARS) PLUS MINUS 11-10J OUANTITY 
"TRAINING 1.1DOJPERSON N/A N/A 10 10 7 • (2.wEEK COURSE' 
PERSONNEL 2.585IPERSON N/A N/A ,. 10 9 • DISPLACEMENT COSTS 
PROGRAM PLANNING 31.812 N/A N/A 30 5 • N,A COSTS 
FLIGHT PERSONNEL 30,OOOlYEAR N/A N/A 10 10 9 < (PILOTS) 
FLIGHT PERSONNEL 
(CREW) 
lB.ooolYEAR N/A N;A 10 10 9 2 
PERSONNEL 25.000NEAR N!A N/A 10 10 9 2 
rreCHNlCAU 
PERSONNEL 10.OOOIYEA.Q N/A N/A 10 10 9 1 
ADMINISTRATIVE 
OFFICE RENT 7.89FEerJ NIA NIA 10 10 • 150 110 BY 15 FEET) YEAR 
ESTIMATED 
TOTAL COST 
fOOLLARSI 
• .600 
20_ 
31.812 
120.000 
36.000 
59.000 
10.000 
1.184 
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Table 4-24. User Requireme.nt Cost Worksheet for Shore Tide, 
Sea-Level Information (5 of 5) 
AIRCRAFT ICONT'D1 
l PERCENTAGE 
IMPROVEMENT VARIANCE 
CURRENT CONFIDENCE 
REaUIREMENT UNrrCOST UNIT COST FACTOR 
(HARDWARE AND SUPPORT' (DOLLARSI FACTOR IDOLLARSI PLUS MINUS 0-101 OUAATITY 
DATA PROCESSING SCOn-iOUR N/A N/A IS IS 8 37 
PER DIEM 50lOAY N/A N/A S S 9 2,920 
OVERHEAD ANO o.sx PER· N/A N/A IS S 8 NIA 
ADMINIS'T1\ATlVE SONNEL 
COSTS COSTS 
DATA OISTRIBUTION 2.5OlPOUNoa NIA NIA 
IMAILI 
30 0 9 8 
AIRCRAFT ':IPERATING 535fHOUR NIA NIA 10 10 B 730 
COSTS 
L 
aCONSIDERS OVERSEAS AAleS. 
ESTIMATED j 
roTALCOST , 
(DOLLARSI i 
I 
18.sao 
I 
146.DOO 
I 
103.DOO I 
J 
20 i 
I 
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